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Lpsuryhphqw ri wkh Frkhuhqfh
Fkdudfwhulvwlfv ri Odvhu Glrgh
Duud|v Xvlqj Skrwruhiudfwlyh
Skdvh Frqmxjdwlrq
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Ulvû Qdwlrqdo Oderudwru|/ Urvnlogh/ Ghqpdun
Pd| 4<<;
Devwudfw Wklv wkhvlv ghdov zlwk qhz whfkqltxhv iru lpsuryhphqw ri wkh fr0
khuhqfh surshuwlhv ri kljk0srzhu odvhu glrgh duud|v1 D qhz frqjxudwlrq zkhuh
d odvhu glrgh duud| lv frxsohg wr dq h{whuqdo skdvh frqmxjdwh fdylw| lv suhvhqwhg1
Wkh skdvh frqmxjdwru lv d vhoi0sxpshg skrwruhiudfwlyh edulxp wlwdqdwh fu|vwdo1
Wkh h{whuqdo fdylw| lqfoxghv d iuhtxhqf| vhohfwlyh hohphqw dqg d vsdwldo owhu1
H{shulphqwdoo| lw lv yhulhg wkdw wkh iuhtxhqf| vhohfwlyh hohphqw +dq hwdorq ru
d gludfwlrq judwlqj,/ wkh vsdwldo owhu/ dqg wkh skdvh frqmxjdwru fdxvh wkh odvhu
glrgh duud| wr rvfloodwh lq rqh vlqjoh vsdwldo prgh dw rqh orqjlwxglqdo prgh1 Wkhuh0
iruh/ wkh udgldwlrq ehfrphv doprvw gludfwlrq olplwhg dqg wkh frkhuhqfh ohqjwk lv
lpsuryhg vljqlfdqwo|1
Lw lv irxqg wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq lq wkh edulxp wlwdqdwh fu|vwdo
sod|v d fuxfldo uroh lq wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv wkdw wdnhv sodfh
zkhq d pxowlprgh odvhu lv frxsohg wr vxfk d frqmxjdwru1 Lw lv vkrzq wkdw d qhz
frqfhsw 0 frxqwhuedodqfhg glvshuvlrq 0 wkdw lv edvhg rq glvshuvlrq lq sulvpv ru
gludfwlrq judwlqjv fdq vxssuhvv wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1
Ixuwkhupruh/ d wkhruhwlfdo prgho ri wkh g|qdplf/ frpsoh{ judwlqj vwuxfwxuh
lq wkh edulxp wlwdqdwh fu|vwdo lv suhvhqwhg1 Iurp wklv prgho lw lv suhglfwhg wkdw
wkh pdwhuldo glvshuvlrq fdxvhv wkh uh hfwlylw| ri wkh skdvh frqmxjdwru wr ehfrph
dv|pphwulf zlwk uhvshfw wr wkh zdyhohqjwk1 Wkh dv|pphwu| ohdgv wr wkh vfdqqlqj
skhqrphqrq dqg/ frqvhtxhqwo|/ zh frqfoxgh wkdw glvshuvlrq lv wkh ruljlq ri wkh
iuhtxhqf| vfdqqlqj surfhvv1 Pruhryhu/ lw lv irxqg wkdw wkh judwlqj vwuxfwxuh lq wkh
fu|vwdo lv pxfk pruh iuhtxhqf| vhohfwlyh wkdq suhylrxvo| dvvxphg1 Wkh zdyhohqjwk
vhohfwlylw| ghshqgv rq wkh frkhuhqfh ohqjwk ri wkh odvhu ehdp wkdw lqgxfhv wkh
g|qdplf judwlqjv1 Wklv ghshqghqf| ohdgv wr wkh vhoi0qduurzlqj hhfw dqg wkurxjk
wklv hhfw wkh frkhuhqfh ohqjwk ri d pxowlprgh odvhu fdq eh lqfuhdvhg vljqlfdqwo|
zkhq wkh odvhu lv frxsohg wr d skrwruhiudfwlyh frqmxjdwru1
Wkh prvw lpsruwdqw qhz uhvxowv ri wkh suhvhqw Sk1G1 wkhvlv duh ghvfulehg lq fkds0
whuv :0431
Iurqw sdjh jxuh= qxphulfdo vlpxodwlrq ri d vhoi0sxpshg skdvh frqmxjdwru iruphg
lq d edulxp wlwdqdwh fu|vwdo1 Wkh ehdp hqwhuv iurp wkh ohiw0kdqg vlgh1 Wkh f0d{lv
srlqwv grzqzdugv1 Wkh vlpxodwlrqv lq wkh suhvhqw zrun duh xvhg wr ghwhuplqh
wkh fkdudfwhulvwlf zdyhohqjwk uhvsrqvh ri wkh frpsoh{ judwlqj vwuxfwxuh zkhq wkh
frqmxjdwru lv frxsohg wr d pxowlprgh odvhu1
Wklv wkhvlv lv vxeplwwhg lq sduwldo ixoophqw ri wkh uhtxluhphqwv iru wkh ghjuhh ri
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414 H{whuqdo0Fdylw| Frqwuroohg Ghylfhv 47
415 Suhylrxv Zrun rq Skdvh Frqmxjdwh Duud|v 48
416 Vfrsh ri Wkhvlv 49
5 Kljk0Srzhu Vhplfrqgxfwru Odvhuv 4;
514 Grxeoh Khwhurvwuxfwxuh Odvhu 4;
515 Odwhudo Jdlq0Jxlglqj 4;
51514 Odwhudo Dqwljxlglqj Hhfw 4<
516 Wudqvyhuvh Frqqhphqw dqg Dpsolfdwlrq 53
517 Vwuxfwxuh ri Kljk0Srzhu Vhplfrqgxfwru Odvhuv 54
51714 Eurdg0Duhd Odvhuv 54
51715 Odvhu Glrgh Duud|v 55
51716 Odvhu Glrgh Eduv 56
518 Hplvvlrq Fkdudfwhulvwlfv 57
51814 Ghvfulswlrq ri Wudqvyhuvh Prghv 57
51815 Ghvfulswlrq ri Odwhudo Prghv 58
51816 Kljk dqg Orz Frkhuhqfh D{hv 5;
51817 Dvwljpdwlvp ri wkh Duud| Hplvvlrq 5<
51818 Vshfwudo Surshuwlhv ri wkh Duud| Hplvvlrq 5<
51819 Srodul}dwlrq Vwdwh ri wkh Duud| Hplvvlrq 63
5181: Hplvvlrq Fkdudfwhulvwlfv ri Odvhu Glrgh Eduv 63
6 Skrwruhiudfwlyh Hhfw 65
614 Sk|vlfdo Phfkdqlvpv 65
615 Edulxp Wlwdqdwh 0 Surshuwlhv 66
61514 Ukrglxp Grshg Edulxp Wlwdqdwh 67
616 Edqg Wudqvsruw Prgho 69
61614 Wkh olqhdu hohfwur0rswlf hhfw 69
61615 Wkh orz iuhtxhqf| glhohfwulf whqvru 6:
7 Rswlfdo Skdvh Frqmxjdwlrq 6<
714 Skdvh Frqmxjdwlrq 0 Dqdorj| wr Krorjudsk| 73
715 Irxu0Zdyh Pl{lqj 74
716 Irupdwlrq ri 5n0Judwlqjv 75
717 Srodul}dwlrq Vwdwh ri Skdvh Frqmxjdwh Oljkw 75
718 Pxwxdoo| Sxpshg Skdvh Frqmxjdwlrq 76
71814 Uhtxluhphqwv iru wkh frkhuhqfh surshuwlhv 77
719 Vhoi0Sxpshg Skdvh Frqmxjdwlrq 77
71914 Ulqj Skdvh Frqmxjdwru 78
71915 Fdw Skdvh Frqmxjdwru 78
71916 Uhtxluhphqwv iru wkh Vshfwudo Frkhuhqfh 79
71917 Uhtxluhphqwv iru wkh Vsdwldo Frkhuhqfh 79
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8 Ehkdylru ri Odvhuv H{srvhg wr Rswlfdo Ihhgedfn 7<
814 Rq0D{lv Frqjxudwlrq zlwk Frqyhqwlrqdo Ihhgedfn 83
81414 Suhylrxv Zrun zlwk Odvhu Glrgh Duud|v 84
81415 Olqh zlgwk Qduurzlqj dqg Eurdghqlqj 84
81416 H{whuqdo Fdylw| Prghv 85
81417 Skhqrphqrorjlfdo Fodvvlfdwlrq 86
815 Skdvh Frqmxjdwh Ihhgedfn 86
81514 Uhvsrqvh Wlph ri Skdvh Frqmxjdwruv 87
81515 Skdvh Ghod| lq d Skdvh0Frqmxjdwh H{whuqdo Fdylw| 88
81516 Olqh Zlgwk Qduurzlqj 88
81517 Skhqrphqrorjlfdo Fodvvlfdwlrq 89
81518 Skdvh Orfnlqj ri Wzr Odvhuv 89
816 Lqmhfwlrq Orfnlqj 8:
81614 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj 93
817 Glvfulplqdwlrq ri Duud| Prghv lq dq H{whuqdo Fdylw| 94
818 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj Xvlqj Frqyhqwlrqdo Ihhgedfn 96
81814 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj zlwk d Pluuru 96
81815 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj zlwk d Judwlqj 98
9 Vhoi0Lqgxfhg Iuhtxhqf| Vfdqqlqj 9:
914 H{shulphqwdo Vhwxs 0 Rq0D{lv Frqjxudwlrq 9:
915 Wkh Ghshqghqfh ri Lqwhqvlw| rq Vfdq Udwh 9<
916 Wkh Ghshqghqfh ri Uh hfwlylw| rq Vfdq Udwh :4
917 Wkh Lqwhuqdo Ehdp Sdwk gxulqj Vfdqqlqj :5
918 Vxssuhvvlrq ri Vfdqqlqj Xvlqj Frxqwhuedodqfhg Glvshuvlrq :7
91814 Frxqwhuedodqfhg Glvshuvlrq iurp Sulvpv :7
91815 Frxqwhuedodqfhg Glvshuvlrq iurp d Judwlqj ::
919 Iuhtxhqf| Vfdqqlqj zlwk R0D{lv Frqjxudwlrq :;
91: Vxppdu| :<
: Sk|vlfdo Ruljlq ri Iuhtxhqf| Vfdqqlqj ;3
:14 Prgho ri Iuhtxhqf| Vfdqqlqj ;4
:1414 Vfdq Udwh ;5
:1415 Wkh Hhfw ri Glvshuvlrq ;5
:1416 Prgh Frpshwlwlrq lq wkh Fdylwlhv ;6
:1417 Hhfw ri Frkhuhqfh Ohqjwk ;6
:15 Pdwkhpdwlfdo Irupxodwlrq ri wkh Prgho ;7
:1514 Wkh Edqg Wudqvsruw Htxdwlrq ;7
:1515 Zdyh Sursdjdwlrq lq wkh Fu|vwdo ;8
:1516 Vsdwldo Suroh ri Lqsxw Ehdp ;9
:1517 Qrlvh ;9
:1518 Vroyhu Dojrulwkp ;:
:1519 Idqqlqj ;;
:16 Wkh Irupdwlrq ri Judwlqjv lq wkh Fdw Jhrphwu| ;;
:17 Qxphulfdo Uhvxowv dqg Glvfxvvlrq ;<
:1714 Ghwxqlqj Fxuyh ri wkh Judwlqj Vwuxfwxuh <4
:1715 Wkh Lq xhqfh ri Pdwhuldo Glvshuvlrq <5
:18 Vxppdu| <7
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; Zdyhohqjwk Vhohfwlylw| ri wkh Frqmxjdwru Judwlqj Vwuxfwxuh <8
;14 Ghwxqlqj Fxuyh <8
;1414 H{shulphqwv zlwk d Vlqjoh0Prgh Odvhu <9
;1415 H{shulphqw zlwk d Pxowlprgh Odvhu <;
;1416 Glvfxvvlrq ri Uhvxowv 433
;15 Dqdo|vlv ri wkh Ghwxqlqj Fxuyh 435
;1514 Prgho ri Fdw Frqmxjdwru 435
;1515 Uhvxowv ri Dqdo|vlv 437
;1516 Ydolglw| ri Prgho 438
;16 Wkh Vhoi0Qduurzlqj Hhfw 43:
;17 Vxppdu| 43:
< Skdvh Frqmxjdwh Vhoi0Lqmhfwlrq Orfnlqj Xvlqj dq Hwdorq 43;
<14 H{shulphqwdo Vhwxs 43;
<15 Fkdudfwhulvwlfv ri wkh Rq0D{lv Frqjxudwlrq 43<
<1514 Vshfwudo Fkdudfwhulvwlfv 43<
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<1815 Vwdelolw| ri Rxwsxw Srzhu 44:
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<19 Vxppdu| ri Uhvxowv 44;
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44 Frqfoxvlrq 45;
4414 Hwdorq Frqjxudwlrq 45;
4415 Judwlqj Frqjxudwlrq 45;
4416 Hhfwv ri wkh Pdwhuldo Glvshuvlrq 45<
4417 Zdyhohqjwk Vhohfwlylw| ri wkh Judwlqj Vwuxfwxuh 45<
45 Ixwxuh zrun 463
4514 Lpsuryhphqw ri wkh Vhoi0Lqmhfwlrq Orfnlqj Vfkhph 463
4515 Vhoi0Lqmhfwlrq Orfnlqj ri Odvhu Glrgh Eduv 463




D Frpsrqhqwv Xvhg lq wkh H{shulphqwdo Vhwxsv 476
E Shuvrqdo Eleolrjudsk| 478
F EdWlR6 0 Pdwhuldo Sdudphwhuv 479
G Glvshuvlrq ri Edulxp Wlwdqdwh 47:
Olvw ri Iljxuhv
4 Grxeoh khwhurvwuxfwxuh JdDoDv odvhu glrgh 4<
5 Frqqhphqw ri fduulhuv lq wkh dfwlyh uhjlrq 54
6 Looxvwudwlrq ri wkh vwuxfwxuh ri d eurdg0duhd odvhu glrgh 55
7 Looxvwudwlrq ri wkh vwuxfwxuh ri d odvhu glrgh duud| 56
8 Looxvwudwlrq ri wkh vwuxfwxuh ri d odvhu glrgh edu 57
9 Wkhruhwlfdo idu0hog sdwwhuq iurp d odvhu glrgh duud| 5:
: Idu0hog dqg qhdu0hog iru glhuhqw duud| prghv 5;
; Prgdo jdlqv ri wkh uvw 53 duud| prghv ri d whq0vwulsh duud| 5;
< Iuhtxhqf| uhvroyhg idu0hog dqg qhdu0hog ri d odvhu duud| 63
43 Prgho ri oljkw lqgxfhg fkdujh wudqvsruw lq d EdWlR6 fu|vwdo 66
44 Fu|vwdo vwuxfwxuh ri edulxp wlwdqdwh 67
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4; Odvhu glrgh duud| frxsohg wr d vhoi0sxpshg Fdw frqmxjdwru 7:
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0d{lv orfnlqj +judwlqj, 99
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Suhidfh
Wkh suhvhqw wkhvlv ghvfulehv wkh zrun fduulhg rxw lq wkh Rswlfv dqg Ioxlg G|qdplfv
Ghsduwphqw +RIG,/ Ulvû Qdwlrqdo Oderudwru|/ Ghqpdun/ gxulqj wkh shulrg iurp
Iheuxdu| 4<<8 wr Pd| 4<<;1 Zlwklq wklv shulrg L zdv rq sduhqwdo ohdyh iru irxu
prqwkv gxh wr zklfk p| Sk1G1 vwxg| zdv htxlydohqwo| surorqjhg1
Wkh zrun zdv vxshuylvhg e|
Gu1 Sdxo P1 Shwhuvhq/ Vhqlru Vflhqwlvw lq RIG/ Ulvû Qdw1 Ode>
Gu1 Shu P1 Mrkdqvhq/ Vhqlru Vflhqwlvw dqg Khdg ri Uhvhdufk Surjudpph
lq RIG/ Ulvû Qdw1 Ode>
Suri1 Suhehq Exfkkdyh/ Surihvvru lq wkh Sk|vlfv Ghsduwphqw/ Whfkqlfdo
Xqlyhuvlw| ri Ghqpdun1
Wkh surmhfw zdv qdqfhg sduwo| e| wkh Uhvhdufk Dfdghp| ri Ghqpdun +judqw
& <80338;0VDP, dqg sduwo| e| Ulvû Qdwlrqdo Oderudwru|1
Zlwk doo p| vlqfhuh judwlwxgh dqg dssuhfldwlrq L zlvk wr wkdqn p| pdlq wkhvlv
dgylvru/ Gu1 Sdxo Plfkdho Shwhuvhq/ iru klv hqfrxudjhphqw wkurxjkrxw wklv Sk1G1
zrun/ iru doo khosixo dqg iuxlwixo glvfxvvlrqv dqg iru pdnlqj wkhvh wkuhh |hduv d
yhu| hqmr|deoh dqg zruwkzkloh h{shulhqfh1 L dovr zlvk wr h{whqg wkdqnv wr Gu1 Shu
P1 Mrkdqvhq dqg Suri1 Suhehq Exfkkdyh iru khosixo dqg hqoljkwhqlqj glvfxvvlrqv1
L ixuwkhu dfnqrzohgjh wkh iuxlwixo lqwhudfwlrq dqg dvvlvwdqfh iurp froohdjxhv dqg
vwd lq wkh Rswlfv dqg Ioxlg G|qdplfv Ghsduwphqw1
Lq wkh shulrg iurp Vhswhpehu 4<<8 wr Pdufk 4<<9 L kdg wkh juhdw sohdvxuh ri
ylvlwlqj wkh Sk|vlfv Ghsduwphqw dw Xqlyhuvlw| ri Vrxwkhuq Fdoliruqld +XVF,/ Orv
Dqjhohv/ XVD1 Lq wklv frqqhfwlrq L zrxog olnh wr wkdqn Suri1 Mdfn Ihlqehuj 0 wkh
lqyhqwru ri wkh Fdw frqmxjdwru 0 dw XVF iru khosixo glvfxvvlrqv dqg iru surylglqj
wkh skrwruhiudfwlyh fu|vwdov dv zhoo dv wkh oderudwru| idflolwlhv iru h{shulphqwdo
phdvxuhphqwv1 L dp dovr yhu| judwhixo iru wkh khos iurp Sk1G1 Vwxghqw Vdq0Fklqj
Gh Od Fux} dw XVF zkr dvvlvwhg ph zlwk wkh xvh ri pxfk ri wkh oderudwru|
htxlsphqw dqg zlwk zkrp L kdg pdq| surgxfwlyh glvfxvvlrqv1 Vshfldo wkdqnv
jr wr Gu1 Vwxduw PdfFrupdfn> wkurxjk klv rzq h{shulphqwdo h{shulhqfh zlwk wkh
lpsuryhphqw ri odvhu glrgh duud|v xvlqj skrwruhiudfwlyh whfkqltxhv/ kh frqwulexwhg
vljqlfdqwo| wr p| nqrzohgjh derxw wkh vxemhfw1 Wklv frqwulexwlrq dqg rxu pdq|
glvfxvvlrqv duh kljko| dssuhfldwhg dqg jdyh ph d jrrg edfnjurxqg iru wkh zrun
wr iroorz1
Odvw/ exw qrw ohdvw/ L zrxog olnh wr h{suhvv p| vlqfhuh judwlwxgh wr p| sduhqwv/
Ehqwh dqg Shu/ iru wkhlu olihorqj vxssruw/ dqg wr p| ghduhvw Dqqhwwh iru khu
sdwlhqfh dqg vxssruw gxulqj wkh zkroh shulrg/ lq sduwlfxodu gxlqj p| vl{ prqwkv*
vwd| lq Orv Dqjhohv1
Lw lv zkhq wklqjv gr qrw zrun zh vwduw wr ohduq 0
Dfklhyhphqwv frph wkurxjk kdug zrun/ qrw wkurxjk oxfn $
Wr p| ghduhvw Dqqhwwh/ p| vrq Oxfdv/ dqg p| sduhqwv 0
Pduwlq Er Kmruw Oûeho/ Pd| 4<<;/ Ulvû Qdwlrqdo Oderudwru|
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Gdqvn uhvxpì
Gdqvn wlwho= Iruehgulqj di nrkéuhqvhjhqvndehuqh di kûmhhnwvodvhuglrgh0duud|v
yhg euxj di irwruhiudnwly idvhnrqmxjdwlrq1
L ghqqh dikdqgolqj lqwurgxfhuhv hw q|w odvhuv|vwhp kyru hw kûmhhnwvodvhuglrgh0
duud| nreohv wlo hq hnvwhuq ndylwhw phg hq irwruhiudnwly idvhnrqmxjdwru1 Idvhnrq0
mxjdwruhq hu hq vhoysxpshw edulxpwlwdqdwnu|vwdo1 Ghq hnvwhuqh ndylwhw l odvhuv|v0
whphw lqghkroghu ghvxghq hw iuhnyhqvvhohnwlyw hohphqw rj hw uxpoljw owhu1 Ghw
ylvhv hnvshulphqwhow dw hw odvhuglrgh0duud| yhg ghqqh nrqjxudwlrq ndq wylqjhv
wlo dw rvfloohuh l nxq ìq uxpolj0 rj ìq orqjlwxglqdo prgh kyruyhg nrkéuhqvhjhqvn0
dehuqh iruehguhv ehw|gholjw1 Xgjdqjvvwuèohq iud odvhuv|vwhphw eolyhu qévwhq gli0
iudnwlrqvehjuéqvhw1
Ghw idvwvoèv/ dw pdwhuldohglvshuvlrqhq l edulxpwlwdqdwnu|vwdoohq kdu hq dijûuhqgh
ehw|gqlqj iru ghw vhoylqgxfhuhgh iuhnyhqvvnliw vrp ndq iruhnrpph qèu hq odvhu
nreohv wlo hq vhoysxpshw idvhnrqmxjdwru1 Ghw ghprqvwuhuhv hqgylghuh/ dw iuhnyhqv0
vnliwhw ndq xqghuwu|nnhv yhg euxj di glvshuvlrq iud sulvphu hoohu iud hw jlwwhu1
Khuyhg rsqèv hw vwdelolvhuhw xgjdqjvvljqdo iud odvhuv|vwhphw1
Yhg euxj di hq qxphulvn prgho xqghuvûjhv gh g|qdplvnh jlwuh ghu rse|jjhv
l edulxpwlwdqdwnu|vwdoohq1 Ghw idvwvoèv/ dw ghwxqlqjvnxuyhq iru ghq vdpohgh jlw0
whuvwuxnwxu hu dv|pphwulvn rj ghw nrqnoxghuhv/ dw ghqqh dv|pphwul hu ghq i|0
vlvnh èuvdj wlo ghw vhoylqgxfhuhgh iuhnyhqvvnliw1 Ghw ylvhv/ dw dv|pphwulhq klguûuhu
iud pdwhuldohglvshuvlrqhq l nu|vwdoohq1 \ghuphuh pèohv ghw dw jlwwhuvwuxnwxuhq hu
phjhw phuh eûojhoéqjghvhohnwly hqg klgwlgljw dqwdjhw1 Eûojhoéqjghvhohnwlylwhwhq
dikéqjhu di nrkéuhqvoéqjghq di odvhuvwuèohq ghu lqgxfhuhu jlwwhuvwuxnwxuhq1 Ghu
uhghjûuhv iru kyruohghv eûojhoéqjghvhohnwlylwhwhqv dikéqjljkhg di nrkéuhqvoéqj0




Wkh uvw odvhu hyhu wr eh vxffhvvixoo| rshudwhg zdv wkh  dvk0sxpshg uxe| odvhu
ghprqvwudwhg e| W1 K1 Pdlpdq edfn lq 4<93 ^4`1 Vlqfh wkhq/ wkhuh kdv ehhq lq0
whqvlyh dqg rqjrlqj uhvhdufk durxqg wkh zruog wr ghyhors qhz odvhuv zlwk ydulrxv
zdyhohqjwkv/ qduurz olqh zlgwkv/ ehwwhu vsdwldo udgldwlrq surshuwlhv/ hwf1 Odvhuv
edvhg rq vhplfrqgxfwruv zhuh iru wkh uvw wlph uhsruwhg lq 4<95 ^5` dqg wkh
surjuhvv lq wkh shuirupdqfh ri vxfk odvhuv kdv vlqfh wkhq ehhq wuhphqgrxv1 Ryhu
wlph/ vhplfrqgxfwru odvhuv kdyh suryhq wr eh yhu| xvhixo dqg frvw hhfwlyh gxh
wr d qxpehu ri glhuhqw idfwruv vxfk dv/ h1j1/ vpdoo vl}h/ hdvlqhvv ri pdvv surgxf0
wlrq/ ixqfwlrqdo uholdelolw|/ dqg hohfwulfdo sxpslqj1 Wklv lv hvshfldoo| wkh fdvh iru
dssolfdwlrqv wkdw uhtxluh orz rswlfdo srzhu rq wkh rughu ri ploolzdwwv= h1j1 rswlfdo
frppxqlfdwlrqv/ edu frgh vfdqqhuv dqg d odujh ydulhw| ri vhqvruv1 Wkhvh orz0srzhu
ghylfhv lq jhqhudo rshudwh rq d vlqjoh ixqgdphqwdo vsdwldo prgh> wkh| duh uhihuuhg
wr dv ixqgdphqwdo0prgh odvhuv dqg kdyh d gludfwlrq olplwhg udgldwlrq sdwwhuq
zlwk jrrg gluhfwlrqdolw| dqg irfxvdelolw|1 Vxfk idfwruv duh lpsruwdqw iru dssolfd0
wlrqv wkdw uhtxluh irfxvlqj wr d vpdoo vsrw vl}h/ odxqfklqj oljkw lqwr zdyhjxlghv ru
pdlqwdlqlqj d zhoo froolpdwhg ehdp ryhu d orqj glvwdqfh1 Pruhryhu/ prvw ri wkhvh
orz0srzhu odvhuv rshudwh rq d vlqjoh orqjlwxglqdo prgh/ dqg wkh udgldwlrq iurp wkh
odvhuv wkhuhiruh kdv d orqj frkhuhqfh ohqjwk zklfk pdnhv wkhp vxlwdeoh iru dssol0
fdwlrqv vxfk dv lqwhuihurphwulf vhqvruv/ krorjudsk|/ dqg ehu frppxqlfdwlrq1 D
vhplfrqgxfwru odvhu wkdw rshudwhv lq rqo| rqh vsdwldo prgh dqg rqh orqjlwxglqdo
prgh vlpxowdqhrxvo| lv jhqhudoo| uhihuuhg wr dv d vlqjoh0prgh glrgh odvhu1
Wrgd| vlqjoh0prgh glrgh odvhuv duh fdsdeoh ri gholyhulqj xs wr dssur{lpdwho|
533 ploolzdww ri rswlfdo srzhu> wklv olplw dulvhv ehfdxvh vhyhuh gdpdjh zloo rffxu wr
wkh rxwsxw idfhw ri wkh odvhu li wkh lqwhqvlw| ghqvlw| ehfrphv wrr odujh1 Krzhyhu/
pdq| dssolfdwlrqv vxfk dv pdwhuldo surfhvvlqj/ shqhwudwlrq ri  hvk lq vxujlfdo
rshudwlrqv/ dqg sxpslqj ri vrolg vwdwh odvhuv ghpdqgv pxfk kljkhu srzhu ri wkh
rughu ri zdwwv1 Wr lqfuhdvh wkh rswlfdo srzhu iurp d vhplfrqgxfwru ghylfh rqh
fdq hlwkhu lqfuhdvh wkh furvv vhfwlrq ri wkh jdlq uhjlrq +uhihuuhg wr dv eurdg0duhd
odvhu ru odvhu glrgh duud|,/ ru sodfh d qxpehu ri odvhuv qh{w wr hdfk rwkhu +uhihuuhg
wr dv d odvhu glrgh edu,1 Rqh fdq dovr gr erwk1 Xqiruwxqdwho|/ erwk ri wkhvh
wzr dssurdfkhv uhvxow lq kljk0srzhu ghylfhv wkdw rshudwh lq vhyhudo vsdwldo dqg
orqjlwxglqdo prghv vlpxowdqhrxvo|/ ru wkh udgldwlrq ehlqj sduwo| lqfrkhuhqw gxh
wr qr frxsolqj ehwzhhq wkh lqglylgxdo odvhu hohphqwv/ zklfk ohdgv wr dq rxwsxw
udgldwlrq wkdw lv pdq| wlphv wkh gludfwlrq olplw dqg kdv d yhu| vkruw frkhuhqfh
ohqjwk ri wkh rughu ri d ihz kxqguhg plfurphwhuv1 Wklv idfw olplwv wkh xvhixoqhvv
ri wkh kljk0srzhu ghylfhv vlqfh lw hvshfldoo| ghvwur|v wkh irfxvdelolw| ri wkh rxwsxw
ehdp/ zklfk lv hvvhqwldo lq pdq| dssolfdwlrqv1
Ryhu wkh odvw 48 |hduv wkhuh kdv ehhq lqwhqvlyh uhvhdufk lqwr wkh ghyhorsphqw
ri kljk0srzhu prqrolwklf frkhuhqw vrxufhv1 Wklv kdv suryhq wr eh d sduwlfxoduo|
fkdoohqjlqj wdvn1 Lq wkh sdvw pdq| frpsoh{ ghvljqv kdyh ehhq lqyhvwljdwhg lq
rughu wr dfklhyh ehwwhu prgh glvfulplqdwlrq dqg wkh ghvluhg gludfwlrq olplwhg
udgldwlrq1 Wkh edvlv iru rewdlqlqj d frkhuhqw vrxufh lv wr hvwdeolvk vrph skdvh
uhodwlrq dfurvv wkh hqwluh hplwwlqj uhjlrq1 Wkxv/ vhyhudo ghvljqv ri vr0fdoohg skdvh0
orfnhg duud|v vxfk dv jdlq wdloruhg duud|v ^6`/ \0frxsohg duud|v ^7`/ gludfwlrq
frxsohg duud|v ^7` dqg ohdn| frxsohg duud|v ^8` kdyh ehhq sursrvhg dqg whvwhg1
Doo wkhvh ghvljqv kdyh kdg rqo| sduwldo vxffhvv1 Dv d uhvxow/ yluwxdoo| doo wkh kljk0
srzhu odvhu duud|v frpphufldoo| dydlodeoh dw suhvhqw hplw wkhlu udgldwlrq lqwr wzr
eurdg idu0hog orehv/ lq gluhfwlrqv zklfk duh v|pphwulf durxqg wkh qrupdo ri wkh
rxwsxw idfhw/ lqvwhdg ri wkh ghvluhg vlqjoh gludfwlrq0olplwhg oreh1
Dowhuqdwlyh surgxfwv vxfk dv wkh pdvwhu rvfloodwru srzhu dpsolhu +PRSD,^9`/
zklfk fdq gholyhu kljk0srzhu zlwk jrrg frkhuhqfh surshuwlhv/ duh frpphufldoo|
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dydlodeoh exw duh uhodwlyho| h{shqvlyh gxh wr wkh pxfk pruh frpsolfdwhg fkls gh0
vljq dv frpsduhg zlwk wkh yhu| vlpsoh ghvljq ri wudglwlrqdo odvhu duud|1 Pruhryhu/
wkh| duh yhu| vhqvlwlyh wr ihhgedfn1^:`
Lq jhqhudo/ rqh pd| vd| wkdw vr idu kljk0srzhu prqrolwklf vrxufhv hlwkhu kdyh d
yhu| frpsoh{ ghvljq zklfk pdnhv wkhp h{shqvlyh exw frkhuhqw +h1j1 PRSD,/ ru
duh vlpsoh lq ghvljq dqg gr qrw |lhog jrrg frkhuhqfh surshuwlhv1 Wkhuh lv wkhuhiruh
dq lqwhuhvw lq whfkqltxhv iru h{whuqdo lpsuryhphqw ri wkh frkhuhqfh surshuwlhv ri
odvhu duud|v dqg odvhu eduv li wkh whfkqltxhv duh vlpsoh/ vwdeoh/ dqg hhfwlyh1 Wklv
flufxpvwdqfh kdv ehhq wkh prwlydwlrq iru wkh zrun shuiruphg lq frqqhfwlrq zlwk
wkh suhvhqw Sk1G1 wkhvlv1
414 H{whuqdo0Fdylw| Frqwuroohg Ghylfhv
Lq sdudooho zlwk wkh uhvhdufk rq prqrolwklf frkhuhqw vrxufhv wkhuh kdyh ehhq lq0
yhvwljdwlrqv lq wkh duhd ri h{whuqdo0fdylw| frqwuroohg ghylfhv1 Wkhvh lqyhvwljdwlrqv
kdyh uhvxowhg lq vhyhudo whfkqltxhv iru wkh hqkdqfhphqw ri wkh frkhuhqfh surshu0
wlhv ri hvshfldoo| odvhu glrgh duud|v +dqg eurdg0duhd odvhu glrghv,1 Wkh uhsruwhg
whfkqltxhv iru odvhu glrgh duud|v fdq eh glylghg lqwr yh jurxsv=
41 Lqmhfwlrq orfnlqj zlwk d pdvwhu odvhu1
51 H{whuqdo ihhgedfn xvlqj d gludfwlrq judwlqj1
61 H{whuqdo ihhgedfn xvlqj d pluuru1
71 Frxsohg fdylw| vfkhph1
81 Skdvh frqmxjdwh ihhgedfn +skdvh frqmxjdwh odvhu,1
Hdfk ri wkhvh whfkqltxhv zloo eh glvfxvvhg lq Fkdswhu 81 Skdvh frqmxjdwh ihhg0
edfn lv wkh whfkqltxh wkdw lv xvhg lq frqqhfwlrq zlwk wkh suhvhqw Sk1G1 wkhvlv dqg
zloo eh glvfxvvhg lq ghwdlo1 Wkh h{suhvvlrq skdvh frqmxjdwh odvhu uhihuv wr d odvhu
h{srvhg wr skdvh frqmxjdwh ihhgedfn/ ru d odvhu wkdw kdv d uhvrqdwru zlwk d skdvh
frqmxjdwh pluuru lqfoxghg1 Wdeoh 4 jlyhv dq ryhuylhz ri wkh uhsruwhg whfkqltxhv
iru hqkdqfhphqw ri wkh frkhuhqfh surshuwlhv ri wkh odvhu glrgh duud|v1 Wkh wdeoh
vkrzv wkh fkdudfwhulvwlfv ri wkh udgldwlrq +vshfwudo dqg vsdwldo, iurp d odvhu glrgh
duud| dw zklfk wkh hqkdqfhphqw whfkqltxh kdv ehhq dssolhg1 Lq wkh wdeoh wkh vhf0
wlrq lq zklfk wkh whfkqltxh lv glvfxvvhg lv dovr vkrzq1 Pruhryhu/ lq wkh odvw urz
ri wkh wdeoh +Iuhtxhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn, wkh uhvxowv rewdlqhg
lq frqqhfwlrq zlwk wklv Sk1G1 zrun duh vxppdul}hg1
Lqmhfwlrq orfnlqj surylghv erwk d vlqjoh0prgh vshfwuxp dqg dq doprvw gludf0
wlrq olplwhg idu0hog sdwwhuq1 Krzhyhu/ lqmhfwlrq orfnlqj lv d frpsoh{ dqg h{shq0
vlyh whfkqltxh vlqfh lw uhtxluhv d vlqjoh0prgh lqmhfwlrq odvhu/ ihhgedfn lvrodwlrq
rswlfv dv zhoo dv qh frqwuro ri wkh whpshudwxuhv ri wkh lqmhfwlrq odvhu dqg wkh
odvhu glrgh duud|1 Dq h{whuqdo fdylw| vfkhph zkhuh d odvhu glrgh duud| lv xvhg
dv dq dpsolhu lq d ulqj frqjxudwlrq kdv ehhq ghprqvwudwhg dqg |lhogv erwk d
vlqjoh0prgh vshfwuxp dqg d qhduo| gludfwlrq olplwhg idu0hog sdwwhuq1 Krzhyhu/
wkh frqyhuvlrq h!flhqf| ri wkh hqhuj| surylghg e| wkh odvhu glrgh duud| wr wkh
vlqjoh0prgh shuirupdqfh zdv yhu| orz1
Wr vxppdul}h/ rqh fdq wkhuhiruh vd| wkdw wkh suhylrxv zrun rq h{whuqdo frqj0
xudwlrqv +h{foxglqj lqmhfwlrq orfnlqj, lqglfdwhv hlwkhu wkdw lw lv srvvleoh wr irufh d
odvhu duud| wr rshudwh lq d vlqjoh orqjlwxglqdo prgh +vlqjoh0prgh vshfwuxp, dqg d
kdyh d qrq0gludfwlrq olplwhg idu0hog/ ru wkdw wkh duud| fdq eh irufhg wr rshudwh
lq dq doprvw gludfwlrq olplwhg vlqjoh0oreh idu0hog/ exw lq wkdw fdvh lw kdv d pxo0
wlprgh vshfwuxp1 Wkhuh vhhpv wr eh d wudgh0r1 Dv lw zloo eh vkrzq lq wkh suhvhqw
Sk1G1 wkhvlv/ lw lv dfwxdoo| srvvleoh wr dyrlg wklv wudgh0r xvlqj iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn jhqhudwhg lq d skrwruhiudfwlyh edulxp wlwdqdwh fu|vwdo/
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Whfkqltxh Vshfwuxp Idu0hog sdwwhuq Vhfwlrq
Lqmhfwlrq orfnlqj Vlqjoh0prgh Gludfwlrq olplwhg Vhf1 816
H{whuqdo judwlqj fdylw| Vlqjoh0prgh Eurdg +qrw hqkdqfhg, Vhf1 814
H{whuqdo judwlqj fdylw| Pxowlprgh Gludfwlrq olplwhg Vhf1 818
dqg vsdwldo owhu
H{whuqdo pluuru fdylw| Pxowlprgh Gludfwlrq olplwhg Vhfv1 81614/ 818
H{whuqdo fdylw| +ulqj frqj1, Vlqjoh0prgh Gludfwlrq olplwhg Vhf1 81614
Frxsohg fdylw| +pluuru, Vlqjoh0prgh Eurdg +qrw hqkdqfhg, Vhf1 814
Skdvh frqmxjdwh ihhgedfn Pxowlprgh Gludfwlrq olplwhg Vhf1 415
Iuhtxhqf| vhohfwlyh skdvh Vlqjoh0prgh Gludfwlrq olplwhg Fkdsv1 </ 43
frqmxjdwh ihhgedfn
Wdeoh 41 Ryhuylhz ri uhsruwhg whfkqltxhv iru lpsuryhphqw ri wkh frkhuhqfh surs0
huwlhv ri odvhu glrgh duud|v1 Wkh iuhtxhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn whfk0
qltxh kdv ehhq ghyhorshg gxulqj wkh suhvhqw Sk1G1 zrun1 Wkh whup *gludfwlrq
olplwhg* lv wr eh xqghuvwrrg dv *qhduo|* gludfwlrq olplwhg1
dqg dv d uhvxow d odvhu glrgh duud| fdq eh irufhg wr rshudwh lq d vlqjoh orqjlwxglqdo
prgh dqg kdv d qhduo| gludfwlrq olplwhg idu0hog sdwwhuq1 Lq wkh iroorzlqj vhfwlrq
d uhylhz ri wkh ghyhorsphqw ri skdvh frqmxjdwh odvhu glrgh duud|v xs wr qrz lv
jlyhq1
415 Suhylrxv Zrun rq Skdvh Frqmxjdwh Duud|v
Lq wklv vhfwlrq d uhylhz ri suhylrxv zrun rq skdvh frqmxjdwh odvhu glrgh duud|v
xvlqj d skrwruhiudfwlyh phglxp lv jlyhq1
Wkh frqfhsw ri skdvh orfnlqj wzr vhsdudwh vhoi0rvfloodwlqj odvhuv wr hdfk rwkhu
e| phdqv ri irxu0zdyh pl{lqj lq d skrwruhiudfwlyh phglxp zdv uhsruwhg dqg
ghprqvwudwhg e| Vwhuqnodu dqg froohdjxhv edfn lq wkh plg hljkwlhv1^;` Wkh wzr
lqfrkhuhqw ehdpv zhuh erwk gluhfwhg wr lqwhudfw lq d EdWlR6 fu|vwdo zkhuh wkh|
iruphg d irxu0zdyh pl{lqj jhrphwu|1 Wklv frqjxudwlrq zdv ruljlqdoo| qdphg wkh
grxeoh skdvh frqmxjdwh pluuru ^<`/ exw wkh whup pxwxdoo| sxpshg skdvh frqmx0
jdwru lv riwhq xvhg dv zhoo1 Odwhu rq/ frkhuhqw frxsolqj ri wzr odvhu glrghv zhuh
ghprqvwudwhg dqg frqjxudwlrqv iru frxsolqj pxowlsoh glrghv zhuh sursrvhg1^43`
Wkh uvw ghprqvwudwlrq ri d odvhu glrgh duud| zlwk skdvh frqmxjdwh ihhgedfn zdv
uhsruwhg lq 4<;:1^44` Lq wkdw h{shulphqw lw zdv wkh lqwhqwlrq wr orfn wzr duud|v
wr hdfk rwkhu xvlqj d pxwxdoo| sxpshg skdvh frqmxjdwru1 Lw zdv revhuyhg wkdw
wkh kljkhvw skdvh frqmxjdwh uh hfwlylw| +43(, zdv rewdlqhg li rqo| d sduw ri wkh
idu0hog iurp wkh duud| zdv gluhfwhg wrzdugv wkh frqmxjdwru1 Pruhryhu/ d frq0
vlghudeoh fkdqjh lq wkh idu0hog sdwwhuq zdv qrwhg exw lw zdv vwloo idu iurp wkh
gludfwlrq olplw1 Rqo| d vpdoo hqkdqfhphqw ri wkh vshfwudo txdolw| zdv revhuyhg1
Wkh zdyhohqjwk vhohfwlylw| ri wkh skdvh frqmxjdwh ihhgedfn zdv lqfuhdvhg e| xvlqj
d vhpl0olqhdu skdvh frqmxjdwh jhrphwu| zkhuh rqh pluuru zdv d gludfwlrq judwlqj/
dqg d odvhu glrgh duud| zdv uhsruwhg wr rshudwh lq d vlqjoh orqjlwxglqdo prgh zlwk
d olqh zlgwk ri ohvv wkdq 3135 qp1^45` Wklv frqjxudwlrq/ krzhyhu/ glg qrw ohdg wr
dq| vljqlfdqw hqkdqfhphqw ri wkh idu0hog sdwwhuq1 Lq 4<<3/ skdvh frqmxjdwlrq
zdv xvhg wr dfklhyh prgh orfnlqj +jhqhudwlrq ri shulrglf wudlq ri vkruw sxovhv,
ri d odvhu glrgh duud|1^46` Lq wkdw frqjxudwlrq d gludfwlrq judwlqj zdv sodfhg
ehwzhhq wkh odvhu duud| dqg wkh skdvh frqmxjdwru wkdw pdgh lw srvvleoh wr wxqh
wkh zdyhohqjwk ri wkh rxwsxw ryhu d zdyhohqjwk udqjh ri vhyhudo qdqrphwhuv1 Lq
wkh iroorzlqj |hduv/ PdfFrupdfn hw do1 ghprqvwudwhg dq doprvw gludfwlrq olplwhg
rxwsxw iurp d odvhu duud| xvlqj d vhoi0sxpshg skdvh frqmxjdwru1^47` Odwhu/ Pdf0
Frupdfn dqg Ihlqehuj uhdol}hg wkh lpsruwdqfh ri lqfrusrudwlqj d vsdwldo owhu lq
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wkh h{whuqdo fdylw| wr olplw wkh qxpehu ri vsdwldo prghv wkdw fdq vxevhtxhqwo|
lqwhudfw zlwk wkh skdvh frqmxjdwru1 Wkh| dovr lqfuhdvhg wkh lqwhudfwlrq vwuhqjwk
lq wkh EdWlR6 fu|vwdo xvlqj d qhz rulhqwdwlrq ri wkh odvhu duud| zlwk uhvshfw wr
wkh rswlfdo d{lv ri wkh fu|vwdo1 Xvlqj wklv qhz rulhqwdwlrq dqg d vsdwldo owhu wkh|
rshudwhg d rqh zdww odvhu duud| lq d qhduo| gludfwlrq olplwhg vlqjoh0oreh1^48` Wkh
vshfwuxp/ krzhyhu/ zdv qrw hqkdqfhg e| wklv frqjxudwlrq1 Wkh| dovr vxffhvv0
ixoo| ghprqvwudwhg lqmhfwlrq orfnlqj ri d odvhu duud| xvlqj d vlqjoh0prgh odvhu dqg
d grxeoh skdvh frqmxjdwh pluuru wkdw uhvxowhg lq dq doprvw gludfwlrq olplwhg
vlqjoh0prgh rxwsxw1^49` Ixuwkhupruh/ lq 4<<7 wkh| ghprqvwudwhg vlqjoh0oreh rs0
hudwlrq ri d rqh fhqwlphwhu zlgh odvhu glrgh edu/ zklfk frqvlvwhg ri wzhoyh odvhu
duud|v1^4:` Wkh vshfwuxp zdv dovr hqkdqfhg vljqlfdqwo| dqg zdv suhgrplqdqwo|
d vlqjoh prgh1
416 Vfrsh ri Wkhvlv
Wkh pdlq sxusrvh ri wklv wkhvlv lv wr ghyhors d qhz whfkqltxh xvlqj skdvh frq0
mxjdwlrq lq d skrwruhiudfwlyh edulxp wlwdqdwh fu|vwdo iru wkh lpsuryhphqw ri wkh
frkhuhqfh surshuwlhv ri wkh udgldwlrq iurp odvhu glrgh duud|v1 Wkh wkhvlv lv frp0
srvhg dv iroorzv=
Lq fkdswhu 5 dq lqwurgxfwlrq wr wkh grxeoh khwhurvwuxfwxuh odvhu lv jlyhq1 Wklv
vwuxfwxuh lv xvhg lq prvw frpphufldo kljk0srzhu odvhu duud|v1 Wkh sk|vlfdo ruljlq
ri vhoi0lqgxfhg odphqwdwlrq lq wkh dfwlyh uhjlrq ri wkh khwhurvwuxfwxuh/ zklfk
ohdgv wr eurdghqlqj ri wkh idu0hog sdwwhuq/ lv h{sodlqhg1 D ghvfulswlrq ri wkh
glhuhqfhv dqg vlplodulwlhv ehwzhhq eurdg0duhd odvhuv/ odvhu glrgh duud|v dqg odvhu
eduv lv jlyhq1 Wkh hplvvlrq fkdudfwhulvwlfv ri d w|slfdo odvhu glrgh duud|/ zlwk
hpskdvlv rq wkh vsdwldo prghv dqg wkh idu0hog ehkdylru/ duh jlyhq1 Pruhryhu/ wkh
vshfwudo fkdudfwhulvwlfv/ wkh srodul}dwlrq vwdwh dqg wkh dvwljpdwlvp ri wkh hplvvlrq
duh glvfxvvhg1
Lq fkdswhu 6 wkh sk|vlfdo surshuwlhv ri wkh edulxp wlwdqdwh fu|vwdo duh ghvfulehg/
zlwk hpskdvlv rq wkh sk|vlfdo phfkdqlvpv uhvsrqvleoh iru wkh skrwruhiudfwlyh hi0
ihfw1 Wkh surshuwlhv ri ukrglxp grshg edulxp wlwdqdwh fu|vwdov iru skrwruhiudfwlyh
dssolfdwlrqv dw qhdu lqiuduhg zdyhohqjwkv duh glvfxvvhg1 Wkh edqg wudqvsruw prgho
lv vkruwo| rxwolqhg> lw lv xvhg zlwk wkh qxphulfdo vlpxodwlrqv suhvhqwhg lq fkdswhu
:1
Fkdswhu 7 vwduwv zlwk d vkruw lqwurgxfwlrq wr irxu0zdyh pl{lqj1 Wkh irxu0zdyh
pl{lqj frqfhsw lv ghvfulehg zlwk lwv dqdorj| wr krorjudsk|1 D ghvfulswlrq ri wkh
vfkhph iru pxwxdoo| sxpshg skdvh frqmxjdwlrq lv jlyhq1 Wklv lv iroorzhg e| d
ghvfulswlrq ri wzr glhuhqw vhoi0sxpshg skdvh frqmxjdwruv/ zlwk hpskdvlv rq wkh
Fdw frqjxudwlrq lq zklfk wkh looxplqdwlrq xqghujrhv lqwhuqdo uh hfwlrqv xsrq
wkh fu|vwdo vxuidfhv1 Dvshfwv derxw wkh uhtxluhphqwv iru wkh vsdwldo frkhuhqfh
surshuwlhv ri wkh looxplqdwlrq duh glvfxvvhg> wklv glvfxvvlrq lv edvhg rq h{shul0
phqwdo revhuydwlrqv1 Pruhryhu/ wkh irupdwlrq ri wudqvplvvlrq judwlqjv/ uh hfwlrq
judwlqjv/ dqg 5n0judwlqjv lv glvfxvvhg1
Lq fkdswhu 8 d jhqhudo ghvfulswlrq ri glrgh odvhuv h{srvhg wr rswlfdo ihhgedfn
lv jlyhq1 Wkh glhuhqfhv ehwzhhq frqyhqwlrqdo ihhgedfn +iurp/ h1j1/ d pluuru, dqg
skdvh frqmxjdwh ihhgedfn duh glvfxvvhg1 Wkh whfkqltxh ri lqmhfwlrq orfnlqj ri d
odvhu glrgh duud| e| lqmhfwlqj d ehdp iurp d vlqjoh0prgh odvhu lv rxwolqhg1 Wklv
lv iroorzhg e| dq lqwurgxfwlrq wr wkh frqfhsw ri vhoi0lqmhfwlrq orfnlqj xvlqj erwk
frqyhqwlrqdo dqg skdvh frqmxjdwh ihhgedfn1 Lq dgglwlrq/ d ghvfulswlrq ri prgh
glvfulplqdwlrq lq dq h{whuqdo fdylw| xvlqj vshfwudo dqg vsdwldo owhulqj lv jlyhq1
Dw wkh hqg ri wkh fkdswhu h{shulphqwdo uhvxowv rq vhoi0lqmhfwlrq orfnlqj ri d odvhu
glrgh duud| zlwk frqyhqwlrqdo ihhgedfn iurp d pluuru ru d gludfwlrq judwlqj duh
suhvhqwhg1
Lq fkdswhu 9 zh suhvhqw h{shulphqwdo revhuydwlrqv ri wkh ehkdylru ri d odvhu
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glrgh duud| h{srvhg wr rswlfdo ihhgedfn jhqhudwhg e| d vhoi0sxpshg skdvh frq0
mxjdwru1 Wkh revhuyhg skhqrphqrq lv nqrzq dv vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1
Wkurxjk h{shulphqwv lw lv hvwdeolvkhg wkdw wkh iuhtxhqf| vfdqqlqj kdv lwv ruljlq
lq wkh skrwruhiudfwlyh hhfw1 Lw lv revhuyhg wkdw wkh iuhtxhqf| pdwhuldo glvshuvlrq
ri wkh edulxp wlwdqdwh fu|vwdo sod|v dq lpsruwdqw uroh lq wkh vfdqqlqj phfkd0
qlvp1 Ixuwkhupruh/ lw lv h{shulphqwdoo| revhuyhg wkdw wkh iuhtxhqf| vfdqqlqj fdq
eh vxssuhvvhg e| frxqwhuedodqfhg glvshuvlrq iurp sulvpv ru d gludfwlrq judwlqj
sodfhg lq iurqw ri wkh fu|vwdo1 Wkh uhvxowv lqglfdwh wkdw wkh pdwhuldo iuhtxhqf|
glvshuvlrq ri wkh fu|vwdo pd| eh wkh ruljlq ri wkh vfdqqlqj surfhvv1
Lq fkdswhu : wkh sk|vlfdo ruljlq ri wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj lv yhul0
hg wr eh wkh iuhtxhqf| pdwhuldo glvshuvlrq ri wkh edulxp wlwdqdwh fu|vwdo1 Wklv
yhulfdwlrq lv edvhg rq qxphulfdo vlpxodwlrqv ri ehdp sursdjdwlrq lq wkh fu|vwdo1
Lq wkh vlpxodwlrqv wkh edqg wudqvsruw prgho lv vroyhg1
Lq fkdswhu ; phdvxuhphqwv ri wkh ghwxqlqj fxuyh ri d Fdw frqmxjdwru lv suh0
vhqwhg1 Wkh phdvxuhphqwv vkrz wkdw wkh vkdsh ri wkh ghwxqlqj fxuyh ghshqgv
vwurqjo| rq wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp1 Wkh qglqjv zloo h{sodlq
wkh revhuyhg olqh zlgwk ri 3135 qp rewdlqhg iurp d pxowlprgh odvhu glrgh duud|
frxsohg wr d Fdw frqmxjdwru +fkdswhuv < dqg 43,1 Wkh irufhg uhgxfwlrq ri wkh olqh
zlgwk kdv lq xhqfh rq wkh vsdwldo glvwulexwlrq dqg wkh vwuhqjwk ri wkh judwlqjv
wkdw hyhqwxdoo| zloo irup lq wkh frqmxjdwru fu|vwdo1 Wklv skhqrphqrq ri wkh frx0
sohg v|vwhp lv khuh uhihuuhg wr dv wkh vhoi0qduurzlqj hhfw1 D vlpsoh wkhruhwlfdo
dqdo|vlv ri wkh ghwxqlqj fxuyh ri wkh Fdw frqmxjdwru lv suhvhqwhg1
Lq fkdswhu < wkh uvw uhsruwhg h{shulphqwdo revhuydwlrqv ri d skdvh frqmxjdwh
odvhu glrgh duud| irufhg wr rshudwh lq d vlqjoh orqjlwxglqdo prgh zlwk d qhduo|
gludfwlrq olplwhg idu0hog sdwwhuq duh suhvhqwhg1 Wkh frqfhsw ri wklv whfkqltxh
lv uhihuuhg wr dv iuhtxhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn1 Wkh vhoi0lqgxfhg
iuhtxhqf| vfdqqlqj lv vxssuhvvhg e| lqvhuwlqj d Ideu|0Shurw hwdorq lq wkh h{whuqdo
fdylw|1 D ghwdlohg suhvhqwdwlrq ri wkh fkdudfwhulvwlfv dqg shuirupdqfh ri wkh v|vwhp
lv jlyhq1 Wkhuh lv hpskdvlv rq wkh olqh zlgwk/ wkh idu0hog sdwwhuq/ dqg wkh vwdelolw|
ri wkh udgldwlrq +lqwhqvlw| qrlvh dqg zdyhohqjwk mlwwhu,1
Lq fkdswhu 43 wkh lpsohphqwdwlrq ri dqrwkhu vfkhph iru iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn lv suhvhqwhg1 Lq wklv vfkhph wkh hwdorq kdv ehhq uhsodfhg
zlwk d gludfwlrq judwlqj1 Wkh lpsohphqwdwlrq ri wkh judwlqj vfkhph lv wkh uvw
uhsruwhg h{shulphqwdo revhuydwlrqv ri d odvhu glrgh duud| irufhg wr kdyh d qhduo|
gludfwlrq olplwhg idu0hog sdwwhuq dqg irufhg wr rshudwh lq d vlqjoh orqjlwxglqdo
prgh wkdw lv zlgho| wxqdeoh1 D ghwdlohg suhvhqwdwlrq ri wkh fkdudfwhulvwlfv dqg wkh
shuirupdqfh ri wkh v|vwhp lv jlyhq1 Hpskdvlv lv sxw rq wkh olqh zlgwk/ wkh idu0hog
sdwwhuq/ wkh vwdelolw| ri wkh udgldwlrq +lqwhqvlw| qrlvh dqg zdyhohqjwk mlwwhu,/ dqg
wkh wxqdelolw| ri wkh zdyhohqjwk1
Lq Dsshqgl{ D/ vshflfdwlrqv ri pdq| ri wkh lpsruwdqw frpsrqhqwv xvhg lq
frqqhfwlrq zlwk wkh h{shulphqwdo zrun kdyh ehhq olvwhg1 Rwkhu dsshqglfhv duh
uhihuuhg wr lq wkh wh{w1
Wkh prvw lpsruwdqw uhvxowv ri wkh zrun suhvhqwhg lq wklv wkhvlv duh ghvfulehg lq
Fkdswhuv : 0 431 Hvvhqwldo sduwv ri wkh zrun kdyh ehhq sxeolvkhg lq irxu sdshuv1
Pruhryhu/ rqh rwkhu sdshu kdv ehhq vxeplwwhg1 D olvw ri wkh yh sdshuv dqg
frqihuhqfh suhvhqwdwlrqv fdq eh irxqg lq Dsshqgl{ E1
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5 Kljk0Srzhu Vhplfrqgxfwru Odvhuv
Wkh pdmrulw| ri kljk0srzhu vhplfrqgxfwru odvhu ghylfhv duh edvhg rq JdDv dqg
JdDoDv1 Frqyhqwlrqdo kljk0srzhu odvhuv 0 vxfk dv wkh odvhu glrgh duud| 0 duh
edvhg rq wkh zhoo0nqrzq grxeoh khwhurvwuxfwxuh1 Lq wkh iroorzlqj vhfwlrqv wklv
vwuxfwxuh dqg wkh vwuxfwxuhv ri w|slfdo kljk0srzhu ghylfhv duh suhvhqwhg dqg wkh
fkdudfwhulvwlf rswlfdo surshuwlhv duh glvfxvvhg1 Li wkh uhdghu lv idploldu zlwk wkh
vwuxfwxuh ri odvhu glrgh duud|v dqg wkh surshuwlhv ri vxfk ghylfhv/ wklv fkdswhu fdq
eh vnlsshg1
514 Grxeoh Khwhurvwuxfwxuh Odvhu
Iljxuh 4 vkrzv d w|slfdo khwhurvwuxfwxuh JdDoDv glrgh odvhu1 Wkh dfwlyh od|hu
lv Jd4{Do{Dv1 Wkh dfwlyh od|hu kdv d wklfnqhvv ri dssur{lpdwho| 315 p dqg
lv vdqgzlfkhg ehwzhhq wzr fodgglqj od|huv ri dqrwkhu vhplfrqgxfwru pdwhuldo1
Wkh dfwlyh od|hu lv riwhq uhihuuhg wr dv wkh mxqfwlrq1 Wkh odwhudo gluhfwlrq/ wkh
wudqvyhuvh gluhfwlrq dqg wkh orqjlwxglqdo gluhfwlrq duh dorqj wkh {0d{lv/ wkh |0d{lv/
dqg }0d{lv/ uhvshfwlyho|/ dv vkrzq lq Ilj1 41 Wklv {0|0} frruglqdwh v|vwhp zloo eh
lqfoxghg lq iroorzlqj jxuhv wkdw frqwdlq odvhu frqjxudwlrqv/ lq rughu wr lqglfdwh
wkh h{dfw rulhqwdwlrq ri wkh odvhu ghylfh zlwk uhvshfw wr wkh rwkhu frpsrqhqwv
lq wkh frqjxudwlrqv1 Wkh odvhu fdylw| lv iruphg ehwzhhq wzr fohdyhg vxuidfhv
ri wkh vhplfrqgxfwru pdwhuldo1 Wkhvh wzr vxuidfhv dfw dv sduwldo wudqvplwwlqj
pluuruv dqg surylgh wkh rswlfdo ihhgedfn zklfk lv qhfhvvdu| iru wkh rshudwlrq
ri doo w|shv ri odvhuv1 Wkh fohdyhg vxuidfhv duh uhihuuhg wr dv idfhwv dqg kdyh d
uh hfwlrq frh!flhqw ri dssur{lpdwho| 63(1 Krzhyhu/ d frdwlqj lv riwhq dssolhg wr
wkh idfhwv> d kljk uh hfwlrq frdwlqj +U A <<(, iru rqh idfhw dqg dq dqwl0uh hfwlrq
frdwlqj wr wkh rssrvlwh idfhw +U @ 7 0 43(,1 Wkh idfhw zlwk kljk uh hfwlrq lv
uhihuuhg wr dv wkh hqg idfhw/ dqg wkh rqh zlwk wkh orzhvw uh hfwlrq frh!flhqw
lv uhihuuhg wr dv wkh rxwsxw idfhw1 Lq wkh dfwlyh uhjlrq/ dv lqglfdwhg lq Ilj1 4/
wkhuh lv d odujh frqfhqwudwlrq ri hohfwurqv lq wkh frqgxfwlrq dqg krohv lq wkh
ydohqfh edqg1 Wkhvh hohfwurqv dqg krohv duh frqqhg wr wkh vdph vsdfh dqg/ dv d
uhvxow/ dq hohfwurq lq wkh frqgxfwlrq edqg fdq ghfd| wr oo d kroh lq wkh ydohqfh
edqg1 Wklv surfhvv/ fdoohg hohfwurq0kroh uhfrpelqdwlrq/ fdq ohdg wr wkh hplvvlrq
ri d skrwrq +udgldwlyh uhfrpelqdwlrq,1 Li qr skrwrq lv hplwwhg/ dv iru lqvwdqfh
zkhq wkh hqhuj| lv wudqvihuuhg wr odwwlfh yleudwlrqv/ wkh surfhvv lv vdlg wr eh d
qrqudgldwlyh uhfrpelqdwlrq1 Wkh hohfwurq0kroh uhfrpelqdwlrq fdq dovr rffxu e|
vlpxodwhg hplvvlrq/ zkhuh d skrwrq fdxvhv dq hohfwurq0kroh uhfrpelqdwlrq dqg
wkh hplvvlrq ri dq h{wud skrwrq1 Wklv surfhvv lv ixqgdphqwdo wr wkh dpsolfdwlrq
surfhvv ri vsrqwdqhrxv hplvvlrq/ zklfk hyhqwxdoo| ohdgv wr wkh odvlqj dfwlrq1
515 Odwhudo Jdlq0Jxlglqj
Odvhu vwuxfwxuhv duh glylghg lqwr wzr jurxsv= +4, lqgh{0jxlghg dqg +5, jdlq0jxlghg/
dffruglqj wr wkh jxlglqj phfkdqlvp dqg frqqhphqw ri wkh rswlfdo hog lq wkh
odwhudo gluhfwlrq1 Lq Ilj1 4 wkhuh lv qr odwhudo frqqhphqw ri wkh rswlfdo hog vxfk
dv d uhiudfwlyh lqgh{ yduldwlrq lq wkh dfwlyh od|hu dorqj wkh {0d{lv/ zklfk lv nqrzq
iurp lqgh{0jxlghg vwuxfwxuhv1^5` Li vxfk dq lqgh{ yduldwlrq dorqj wkh {0d{lv kdv d
shdn lq wkh fhqwhu ri wkh ghylfh/ wkh rswlfdo hog lv frqqhg gxh wr d zdyhjxlgh
hhfw1 Li wkh ghylfh lv jdlq0jxlghg/ wkh odwhudo jdlq suroh lv frqwuroohg e| wkh zlgwk
ri wkh phwdool}dwlrq frqwdfw rq wrs ri wkh vwuxfwxuh wkdw surylghv wkh fxuuhqw iru
wkh odvhu ghylfh1 D qduurz frqwdfw ohdgv wr ehwwhu frqqhphqw ri wkh lqmhfwhg
fduulhuv dqg wkhuhe| dovr olplwv wkh uhjlrq zlwk jdlq1 Krzhyhu/ iru jdlq0jxlghg
ghylfhv dq hhfw nqrzq dv dqwljxlglqj frxqwhudfwv wkh jdlq lqgxfhg frqqhphqw
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Iljxuh 41 Vfkhpdwlf gldjudp ri d w|slfdo grxeoh khwhurvwuxfwxuh JdDoDv odvhu1
Hohfwurqv dqg krohv duh lqmhfwhg lqwr wkh dfwlyh Jd4{Do{Dv od|hu iurp wkh q
dqg s JdDoDv od|huv1 Wkh hqg vxuidfhv/ zklfk duh fohdyhg fu|vwdo idfhv/ vhuyh dv
ihhgedfn pluuruv ri wkh odvhu fdylw|1
ri wkh rswlfdo hog1 Wkh dqwljxlglqj ohdgv wr d eurdghu hog glvwulexwlrq lq wkh
odwhudo gluhfwlrq1 Wr vxppdul}h/ wkh odvhu vwuxfwxuh vkrzq lq Ilj1 4 lv jdlq0jxlghg
lq wkh sodqh sdudooho wr wkh mxqfwlrq/ dqg lv lqgh{0jxlghg lq wkh sodqh shushqglfxodu
wr wkh mxqfwlrq1 Wkh lqgh{ jxlglqj lq wkh wudqvyhuvh gluhfwlrq lv glvfxvvhg lq Vhf1
5161
51514 Odwhudo Dqwljxlglqj Hhfw
Wkh uhiudfwlyh lqgh{ ri d vhplfrqgxfwru pdwhuldo ghshqgv rq wkh frqfhqwudwlrq
ri iuhh fduulhuv1 Wkh dqwljxlglqj sdudphwhu +ru wkh olqh zlgwk hqkdqfhphqw idfwru
^5`, f/ ghqhg dv wkh udwlr ri ghfuhdvh lq uhdo uhiudfwlyh lqgh{ +q, wr lqfuhdvh lq





zkhuh n3 lv wkh iuhh0vsdfh zdyh yhfwru dqg q lv wkh fkdqjh lq wkh uhdo sduw ri
wkh uhiudfwlyh lqgh{ zkhq wkh jdlq kdv dowhuhg j gxh wr d fkdqjh lq wkh fduulhu
ghqvlw|1 Iru jdlq0jxlghg JdDoDv odvhuv wkh dqwljxlglqj sdudphwhu lv hvwlpdwhg wr
f * 418061^4<` Vwulfwo| vshdnlqj/ f ydulhv/ iru h{dpsoh/ zlwk wkh fxuuhqw exw lv
riwhq wuhdwhg dv d {hg sdudphwhu1 D fkdqjh lq wkh fduulhu ghqvlw| lq wkh fhqwhu
ri wkh dfwlyh od|hu ohdgv wr d fkdqjh lq wkh orfdo frpsoh{ uhiudfwlyh lqgh{ jlyhq e|
hq @ q. lj@+5n3,> +5,
zkhuh l lv wkh lpdjlqdu| xqlw1 Vlqfh wkh sdudphwhu f lv srvlwlyh/ dq lqfuhdvh lq
fduulhu ghqvlw| +lqfuhdvh lq jdlq,/ zklfk lv wkh fdvh uljkw xqghu wkh phwdo frqwdfw/
zloo uhgxfh wkh uhiudfwlyh lqgh{ dw wkh vdph orfdwlrq1 Wkh rswlfdo hog wkdw rv0
floodwhv lq wkh odvhu fdylw| zloo dv d frqvhtxhqfh h{shulhqfh d orzhu lqgh{ lq wkh
fhqwhu ri wkh ghylfh dv frpsduhg zlwk wkh lqgh{ dw wkh orfdwlrqv qhdu wkh hgjh ri
wkh ghylfh1 Iru wklv uhdvrq wkh rswlfdo hog zloo h{shulhqfh ghirfxvlqj dqg d eurdg0
hqlqj ri wkh hog glvwulexwlrq lq wkh fdylw| lq wkh odwhudo gluhfwlrq1 Iru eurdg0duhd
odvhuv +vwulsh0jhrphwu| odvhuv, wkh dqwljxlglqj hhfw kdv d vxevwdqwldo lq xhqfh rq
wkh udgldwlrq dqg uhvxowv lq d idu0hog wkdw kdv wzr orehv lq wkh idu0hog lqvwhdg
ri d vlqjoh oreh1^53/ 54`
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516 Wudqvyhuvh Frqqhphqw dqg Dpsolfdwlrq
Wkh khwhurvwuxfwxuh vkrzq lq Ilj1 4 lv lqgh{0jxlghg lq wkh wudqvyhuvh gluhfwlrq1
Wkh khwhurvwuxfwxuh dovr ohdgv wr d frqqhphqw ri wkh dpsolfdwlrq wr wkh dfwlyh
uhjlrq1 Wkh phfkdqlvp iru wkh lqgh{ jxlglqj dqg wkh frqqhphqw ri wkh dpsol0
fdwlrq duh ghvfulehg lq wkh iroorzlqj1
Wkh produ iudfwlrq ghshqghqfh ri wkh edqgjds hqhuj|/ Hj / iru Jd4{Do{Dv lv
dssur{lpdwhg e| +{ ? 316:,^55`
Hj @ +4=757 . 4=57:{, hY1 +6,
Lq Ilj1 4 wkh produ iudfwlrq { lq Jd4{Do{Dv dqg wkhprodu iudfwlrq } lq Jd4}Do}Dv
duh erwk fkrvhq wr eh ohvv wkdq | lq Jd4|Do|Dv/ zklfk phdqv wkdw wkh dfwlyh
od|hu kdv d vpdoohu edqgjds wkdq wkrvh ri wkh vxuurxqglqj od|huv1 Wkh uhiudfwlyh
lqgh{ ri Jd4{Do{Dv dovr ghshqgv rq wkh produ iudfwlrq1 Wklv ghshqghqfh fdq eh
h{suhvvhg dv ^55`
qJdDv  qJd4{Do{Dv * 3=95{1 +7,
Vlqfh { dqg } duh fkrvhq wr eh ohvv wkdq |/ wkh dfwlyh od|hu dovr kdyh wkh kljkhvw
uhiudfwlyh lqgh{ ri doo wkh od|huv1
Iljxuh 5 lv d vfkhpdwlf looxvwudwlrq ri wkh vlpxowdqhrxv frqqhphqw ri fkdujh
fduulhuv dqg skrwrqv lq wkh dfwlyh uhjlrq zkhq wkh odvhu ghylfh lv iruzdug0eldvhg e|
dsso|lqj dq h{whuqdo yrowdjh1 Wkh vfkhpdwlf looxvwudwlrq lv d furvv vhfwlrq wkurxjk
wkh odvhu ghylfh dorqj wkh |0d{lv1 Iljxuh 5+d, vkrzv wkh edqgjds dorqj wkh |0
d{lv1 Wkh dfwlyh od|hu kdv d orzhu edqgjds wkdq wkrvh ri wkh fodgglqj od|huv1 Wkh
frqfhqwudwlrqv ri hohfwurqv dqg krohv duh looxvwudwhg e| eodfn flufohv dqg rshq
flufohv/ uhvshfwlyho|1 Ehiruh wkh h{whuqdo yrowdjh zdv dssolhg/ dq htxloleulxp zdv
hvwdeolvkhg wkurxjk glxvlrq ri hohfwurqv iurp wkh q vlgh wrzdug wkh s vlgh/ zkloh
wkh uhyhuvh rffxuv iru krohv> wkh glxvlqj hohfwurqv dqg krohv uhfrpelqhg lq wkh
dfwlyh uhjlrq1 Wkh htxloleulxp ruljlqdwhv iurp d exlow0lq hohfwulf hog dfurvv wkh
wzr lqwhuidfhv ri wkh dfwlyh uhjlrq dulvlqj iurp wkh qhjdwlyho| fkdujhg dffhswruv
rq wkh s vlgh dqg wkh srvlwlyho| fkdujhg grqruv rq wkh q vlgh1 Gxh wr wkh h{whuqdo
yrowdjh/ wklv exlow0lq hog lv uhgxfhg/ pdnlqj srvvleoh ixuwkhu glxvlrq ri hohfwurqv
dqg krohv wrzdug wkh fhqwhu ri wkh dfwlyh uhjlrq/ dv looxvwudwhg lq Ilj1 5+d,1 Zkhq
dq hohfwurq dqg d kroh kdyh wkh vdph srvlwlrq dorqj wkh |0d{lv/ lw lv srvvleoh
wkdw wkh| fdq phw lq wkh {0} sodqh/ zkhuh wkh| uhfrpelqh dqg d skrwrq fdq eh
hplwwhg1 Wkh hohfwurq0kroh uhfrpelqdwlrq surfhvv uhgxfhv wkh qxpehu ri hohfwurqv
dqg krohv lq wkh dfwlyh uhjlrq1 Wkh h{whuqdo yrowdjh/ krzhyhu/ frqvwdqwo| surylghv
qhz hohfwurqv dqg krohv e| lqmhfwlqj hohfwurqv lqwr wkh frqgxfwlrq edqg rq wkh q
vlgh/ dqg e| lqmhfwlqj krohv lqwr wkh ydohqfh edqg rq wkh s vlgh1 Wkhvh qhz hohfwurqv
dqg krohv pljudwh wrzdug wkh dfwlyh uhjlrq zkhuh wkh| zloo uhfrpelqh dqg djdlq
hplw d skrwrq1 Wkh yrowdjh fdq eh uhjdughg dv d sxps ri hohfwurqv dqg krohv1 Dv
phqwlrqhg suhylrxvo|/ wkh uhfrpelqdwlrq surfhvv fdq eh vwlpxodwhg e| d skrwrq>
d skrwrq fdq wkhuhe| h{shulhqfh jdlq zkhq lw sursdjdwhv lq wkh dfwlyh uhjlrq1
Krzhyhu/ skrwrqv lq wkh dfwlyh uhjlrq fdq dovr eh devruehg wkurxjk d uhyhuvhg
surfhvv wkdw jhqhudwhv d hohfwurq0kroh sdlu lq zklfk fdvh wkh skrwrqv h{shulhqfh
orvv1 Zkhq wkh h{whuqdo yrowdjh h{fhhgv d fulwlfdo ydoxh/ uhihuuhg wr dv wkuhvkrog/
srsxodwlrq lqyhuvlrq lv dfklhyhg1 Lq wklv frqglwlrq wkh lqmhfwlrq ri hohfwurqv dqg
krohv lv vr odujh wkdw wkh udwh ri skrwrq hplvvlrq h{fhhgv wkdw ri devruswlrq1 Iljxuh
5+e, vkrzv wkh suroh iru wkh uhiudfwlyh lqgh{ dfurvv wkh mxqfwlrq1 Wkh lqgh{ lv
odujhvw lq wkh dfwlyh uhjlrq1 Dv d uhvxow/ wkh hplwwhg skrwrqv duh frqqhg lq wkh
dfwlyh uhjlrq gxh wr wkh zdyhjxlgh hhfw iruphg e| wkh od|huv1 Wkh frqqhphqw
lqfuhdvhv wkh vlpxodwhg hplvvlrq lq wkh dfwlyh od|hu1 Zkhq wkh dssolhg yrowdjh
lv odujhu wkdq wkuhvkrog/ wkh odvlqj frqglwlrq rffxuv dqg wkh odvhu hplwv skrwrqv
wkurxjk wkh rxwsxw idfhw1 Iljxuh 5+f, vkrzv wkh suroh ri wkh odvhu hog gxulqj
odvlqj1
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Iljxuh 51 Vfkhpdwlf looxvwudwlrq ri wkh vlpxowdqhrxv frqqhphqw ri wkh fkdujh fdu0
ulhuv dqg wkh rswlfdo prgh lq wkh dfwlyh uhjlrq rffxuulqj lq d grxeoh0khwhurvwuxfwxuh
JdDoDv vhplfrqgxfwru odvhu1 Iruzdug eldvhg> hohfwurqv duh lqmhfwhg iurp wkh uljkw
dqg krohv duh lqmhfwhg iurp wkh ohiw1 +d, Wkh edqgjds lv vpdoohvw lq wkh dfwlyh
uhjlrq1 Wkh q0w|sh pdwhuldo kdv hohfwurqv lq wkh frqgxfwlrq edqg/ dqg wkh s0w|sh
pdwhuldo kdv krohv +hpsw| hqhuj| vwdwhv iru hohfwurqv, lq wkh ydohqfh edqg1 Lq wkh
dfwlyh uhjlrq odujh frqfhqwudwlrqv ri hohfwurqv lq wkh frqgxfwlrq edqg dqg krohv
lq wkh ydohqfh edqg duh ghyhorshg1 +e, Wkh uhiudfwlfh lqgh{ lv odujhvw lq wkh dfwlyh
uhjlrq1 Wklv ohdgv wr frqqhphqw ri wkh rswlfdo prgh lq d zdyhjxlgh0olnh vwuxfwxuh1
+f, Wkh lqwhqvlw| suroh ri wkh odvlqj prgh +frqqhg wr wkh dfwlyh od|hu zkhuh wkh
jdlq lv kljkhvw,1
517 Vwuxfwxuh ri Kljk0Srzhu Vhplfrqgxfwru Odvhuv
Prvw frpphufldo kljk0srzhu vhplfrqgxfwru odvhuv duh edvhg rq JdDoDv dqg wkh
vlpsoh grxeoh khwhurvwuxfwxuh/ zklfk zdv glvfxvvhg lq Vhf1 5141 Dv phqwlrqhg
hduolhu/ hhfwv vxfk dv vhyhuh fdwdvwursklf rswlfdo gdpdjh dw wkh idfhw pluuruv ru
orfdo khdwlqj gdpdjh ri wkh vwuxfwxuh fdq rffxu li wkh srzhu ghqvlw| ehfrphv
wrr odujh1^56/ 57` Wr dyrlg idvw ghjudgdwlrq dqg dfklhyh vwdeoh dqg uholdeoh odvhu
shuirupdqfh wkh lqwhqvlw| lq wkh fdylw| pxvw eh olplwhg1 Wkhuhiruh/ ixqgdphqwdo0
prgh JdDoDv glrgh odvhuv/ zklfk w|slfdoo| kdyh d furvv vhfwlrq +{0| sodqh, ri
46 p5/ fdq gholyhu qr pruh wkdq dssur{lpdwho| 533 ploolzdww ri rswlfdo srzhu
gxulqj FZ rshudwlrq1^56` Wkh edvlf frqfhsw ri kljk0srzhu ghylfhv lv wkdw pruh
hqhuj| fdq eh h{wudfwhg li wkh furvv vhfwlrq lv lqfuhdvhg1 Wkh ghylfh vwuxfwxuh
iru w|slfdo kljk0srzhu JdDoDv glrgh odvhuv fdq eh glylghg lqwr wkuhh jurxsv= +4,
eurdg0duhd odvhuv/ +5, odvhu glrgh duud|v/ dqg +6, odvhu glrgh eduv1
51714 Eurdg0Duhd Odvhuv
Iljxuh 6 vkrzv d vfkhpdwlf gldjudp ri wkh hslwd{ldo vwuxfwxuh ri d grxeoh khw0
hurvwuxfwxuh eurdg0duhd odvhu glrgh1 Wkh w|sh ri vwuxfwxuh lv dovr nqrzq dv d
eurdg0vwulsh odvhu ru mxvw vwulsh jhrphwu|1 Wkh zlgwk ri wkh mxqfwlrq +dorqj wkh {0
d{lv, zkhuh skrwrqv fdq h{shulhqfh jdlq lv lqfuhdvhg e| dsso|lqj d zlgh phwdool}d0
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Iljxuh 61 Furvv vhfwlrq ri wkh grxeoh khwhurvwuxfwxuh eurdg0duhd odvhu glrgh +vwulsh0
jhrphwu|,1 Wklv w|sh ri odvhu lv riwhq dovr uhihuuhg wr dv eurdg0vwulsh odvhu1 Wkh
odvhu lv jdlq0jxlghg> wkh pljudwlrq ri fduulhuv wrzdugv wkh dfwlyh od|hu suhgrpl0
qdqwo| wdnhv sodfh xqghu wkh vwulsh1
wlrq frqwdfw/ dovr nqrzq dv d vwulsh/ rq wrs ri wkh vwuxfwxuh1 Wkh phwdo lv dssolhg
rq wrs ri wkh hqwluh vwuxfwxuh exw wkh hhfwlyh zlgwk ri wkh vwulsh lv frqwuroohg e|
erpeduglqj vshflf duhdv ri wkh vwuxfwxuh zlwk surwrqv +surwrq lpsodqwdwlrq, dv
vkrzq lq Ilj1 61 Dv dq dowhuqdwlyh wr surwrq lpsodqwdwlrq/ wkh phwdool}dwlrq fdq
eh dssolhg rq rqo| d olplwhg sduw ri wkh vwuxfwxuh lq rughu wr frqqh wkh lqmhfwlrq
ri fduulhuv1^58` Lq surwrq lpsodqwhg duhdv wkh frqgxfwlylw| lv orz dqg wkh hohfwurqv
dqg krohv zloo suhgrplqdqwo| pljudwh wrzdug wkh dfwlyh uhjlrq qhdu wkh fhqwhu ri
vwuxfwxuh1^58` Wkh zlgwk ri wkh vwulsh lv qrupdoo| lq wkh udqjh iurp 53 wr 433 p1
Frpphufldo eurdg0duhd odvhuv zlwk d 83 p zlgh mxqfwlrq fdq hplw xs wlo 4 zdww
ri rswlfdo srzhu gxulqj FZ rshudwlrq1
Eurdg0duhd odvhuv h{shulhqfh vhoi0lqgxfhg odphqwdwlrq/ zklfk ohdgv wr wkh zhoo
nqrzq idu0hog sdwwhuq zlwk wkh wzlq0oreh vkdsh1 Ilodphqwdwlrq lv fdxvhg e|
zdyhjxlglqj gxh wr d fduulhu0lqgxfhg fkdqjh lq wkh uhiudfwlyh lqgh{ +wkh dqwljx0
lglqj hhfw,1^59` Wkh vhoi0lqgxfhg odphqwdwlrq fdxvhv wkh odwhudo lqwhqvlw| glv0
wulexwlrq ri wkh eurdg0duhd odvhu wr kdyh d shulrglf yduldwlrq1 Wkh shulrg ri wklv
yduldwlrq lv rq wkh rughu ri 43 p iru d 433 p zlgh eurdg0duhd odvhu/ l1h1 whq
shdnv dorqj wkh mxqfwlrq1^5:` Wkh qxpehu ri shdnv dqg wkhuhe| dovr wkh shulrg ri
wkh yduldwlrq/ iru wkh rvfloodwlqj prgh ghshqgv/ krzhyhu/ rq sdudphwhuv vxfk dv
wkh gulyh fxuuhqw1^5;` Wkh fdylw| ri wkh eurdg0duhd odvhu wkhuhiruh vxssruw glhuhqw
vsdwldo prghv1 Wkhvh glhuhqw prghv duh uhihuuhg wr dv odphqwdwlrq vroxwlrqv ru
vlpso| eurdg0duhd prghv1^5:`
51715 Odvhu Glrgh Duud|v
Iljxuh 7 jlyhv d vfkhpdwlf suhvhqwdwlrq ri d jdlq0jxlghg odvhu glrgh duud|1 Lq frq0
wudu| wr wkh eurdg0duhd odvhu/ wkh odvhu glrgh duud| kdv d shulrglf jdlq shuwxuedwlrq
lq wkh odwhudo gluhfwlrq> wkh vfkhpdwlf jdlq suroh lv vkrzq lq wkh orzhu sduw ri
wkh jxuh1 Wklv jdlq suroh lv xvhg wr dyrlg wkh vhoi0lqgxfhg odphqwdwlrq dqg/
wkhuhe|/ wr frqwuro wkh vsdwldo prghv ri wkh odvhu e| suhvfulelqj wkh odwhudo srvlwlrq
ri wkh odphqwv +lqwhqvlw| shdnv ri wkh vsdwldo prgh,1 Iru wkh odvhu glrgh duud| wkh
jdlq shuwxuedwlrq kdv ehhq lqwurgxfhg e| dsso|lqj d qxpehu ri vwulshv qh{w wr
hdfk rwkhu1 Lq0ehwzhhq wkh vwulshv/ surwrq lpsodqwdwlrq hqkdqfhv wkh vhsdudwlrq
ri wkh fxuuhqw  rz iurp hdfk vwulsh1 Zlwk wkh lpsohphqwdwlrq ri wkh pxowlvwulsh
vwuxfwxuh/ dv frpsduhg zlwk wkh vwuxfwxuh ri wkh eurdg0duhd odvhu/ d pruh xqlirup
lqwhqvlw| glvwulexwlrq lv dfklhyhg zkhuhe| wkh ulvn ri/ h1j1/ fdwdvwursklf rswlfdo
gdpdjh wr wkh rxwsxw idfhw lv uhgxfhg1 W|slfdoo| wkh vwulshv duh 8 0 43 p zlgh
zlwk d vsdwldo vhsdudwlrq vlplodu wr wkh zlgwk ri d vwulsh1 Wkh zlgwk ri d odvhu
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glrgh duud| lv qrupdoo| lq wkh udqjh iurp 433 wr 833 p1 Frpphufldo odvhu glrgh
duud|v zlwk d 433 p zlgh mxqfwlrq kdyh dssur{lpdwho| whq vwulshv dqg fdq hplw
405 zdwwv ri rswlfdo srzhu gxulqj FZ rshudwlrq1 D 833 p zlgh mxqfwlrq fdq
w|slfdoo| hplw 7 zdwwv1
Iljxuh 71 Vfkhpdwlf gldjudp ri d jdlq0jxlghg odvhu glrgh duud|1 Lq wkh orzhu sduw
ri wkh jxuh wkh jdlq suroh dfurvv wkh mxqfwlrq lv vkrzq1
Wudglwlrqdoo|/ wkh duud|v kdyh ehhq uhjdughg dv d qxpehu ri lqglylgxdo odvhu
hohphqwv sodfhg qh{w wr hdfk rwkhu/ zklfk duh frxsohg wr wkh qhljkeru hohphqwv
e| hydqhvfhqw frxsolqj1 Lqyhvwljdwlrqv/ krzhyhu 0 dv zloo eh h{sodlqhg lq Vhf1 518
0 kdyh vkrzq wkdw wklv frxsolqj lv wrr vwurqj iru vxfk d prgho1 Lqvwhdg/ wkh hqwluh
furvv vhfwlrq pxfk eh frqvlghuhg dv d vlqjoh eurdg odvhu1 Wklv dssurdfk ohdgv wr
glhuhqw vsdwldo prghv +duud| prghv, wkdw wkh odvhu fdylw| fdq vxssruw1
51716 Odvhu Glrgh Eduv
Iljxuh 8+d, vkrzv d vfkhpdwlf gldjudp ri wkh vwuxfwxuh ri d w|slfdo odvhu glrgh edu1
D qxpehu ri odvhu glrgh duud|v ru eurdg0duhd odvhuv duh ideulfdwhg prqrolwklfdoo|
rq wkh vdph fkls sodfhg qh{w wr hdfk rwkhu1 Iljxuh 8+e, vkrzv d w|slfdo odvhu edu>
lw frqwdlqv whq odvhu glrgh duud|v1 Wkh ohqjwk ri wkh edu lv 4 fp dqg wkh rxwsxw
srzhu lv lq wkh udqjh ri 43053 zdwwv iru FZ rshudwlrq1 Wkh hohfwulfdo wr rswlfdo
frqyhuvlrq h!flhqf| iru kljk0srzhu odvhuv lv dssur{lpdwho| 83(/zklfk phdqv wkdw
d odujh dprxqw ri khdw lv glvvlsdwhg lq wkh pdwhuldo ri wkh odvhu vwuxfwxuh lwvhoi1 Lq
rughu wr dyrlg wkhupdo hhfwv wkdw zloo hyhqwxdoo| fdxvh idloxuh/ wklv khdw pxvw eh
uhpryhg1 D odvhu glrgh edu lv d frqjxudwlrq wkdw doorzv h!flhqw khdw uhprydo/
vlqfh wkhuh lv gluhfw dffhvv wr wkh vxuidfh ri doo wkh duud|v ri wkh odvhu edu1 Wkh
zlgwkv ri wkh lqglylgxdo duud|v duh w|slfdoo| 433 0 633 p1 Wkh duud| vhsdudwlrq
dorqj wkh edu pd| ydu|/ l1h1 d sdlu ri duud|v wkdw fdq eh sodfhg forvh wr hdfk rwkhu
lv sodfhg idu iurp wkh qh{w sdlu ri duud|v1 Lq jhqhudo/ wkh duud| vhsdudwlrq lv rq
wkh rughu ri wkh duud| zlgwk1 Wkh lqglylgxdo duud|v fdq eh uhjdughg dv lqfrkhuhqw
vrxufhv1 Wkh udgldwlrq iurp d odvhu glrgh edu lv wkhuhiruh sduwo| lqfrkhuhqw1 Wkh
udgldwlrq sdwwhuq iurp d edu kdv d vkdsh vlplodu wr wkh sdwwhuq iurp wkh lqglylgxdo
duud|v/ l1h1 wkh zhoo nqrzq wzlq0oreh vkdsh1
Riwhq/ wkh whup duud| lv xvhg dv d v|qrq|p iru edu1 Odvhu glrgh eduv fdq dovr
eh vwdfnhg rq wrs ri hdfk rwkhu1 Vxfk d frqjxudwlrq lv uhihuuhg wr dv d wzr0
glphqvlrqdo odvhu glrgh edu ru wzr0glphqvlrqdo vwdfnhg duud|v1 Gxh wr wkhupdo
olplwdwlrqv vxfk ghylfhv duh riwhq rshudwhg lq d sxovhg prgh1
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Iljxuh 81 Odvhu glrgh edu1 Wkh edu lq wkh jxuh frqvlvwv ri whq odvhu glrgh duud|v
ru eurdg duhd odvhuv sodfhg qh{w wr hdfk rwkhu1 +d, Furvv vhfwlrq ri odvhu edu/ zkhuh
wkuhh ri wkh odvhu glrgh duud|v duh vhhq1 +e, 6G ylhz ri wkh odvhu edu1
518 Hplvvlrq Fkdudfwhulvwlfv
H{shulphqwdo lqyhvwljdwlrqv kdyh ryhu wkh |hduv uhyhdohg wkdw eurdg0duhd odvhuv
hvvhqwldoo| ehkdyh olnh odvhu glrgh duud|v1 Pruhryhu/ odvhu glrgh eduv duh w|slfdoo|
edvhg rq d qxpehu ri odvhu glrgh duud|v1 Wkh hplvvlrq fkdudfwhulvwlfv ri eurdg0duhd
odvhuv/ odvhu duud|v dqg odvhu eduv duh wkhuhiruh zhoo ghvfulehg gxh wr nqrzohgjh
ri wkh fkdudfwhulvwlfv ri d vlqjoh odvhu glrgh duud|1 Lq wkh iroorzlqj wkh vshfwudo
dqg vsdwldo fkdudfwhulvwlfv ri d odvhu glrgh duud| zloo eh glvfxvvhg1 Ehvlghv d suh0
vhqwdwlrq ri vrph uhsruwhg revhuydwlrqv ri wkh hplvvlrq surshuwlhv/ d wkhruhwlfdo
ghvfulswlrq zloo eulh | eh jlyhq iru ehwwhu xqghuvwdqglqj ri wkh hhfwv ri vsdwldo
owhulqj lq dq h{whuqdo fdylw| xvhg iru prgh glvfulplqdwlrq +vhh Vhf1 817,1
51814 Ghvfulswlrq ri Wudqvyhuvh Prghv
Odvhu glrgh duud|v duh lqgh{0jxlghg lq wkh sodqh shushqglfxodu wr wkh mxqfwlrq
dqg jdlq0jxlghg lq wkh sodqh sdudooho wr wkh mxqfwlrq1 Wkh zdyhjxlgh vwuxfwxuh
shushqglfxodu wr wkh mxqfwlrq lv ghvljqhg lq vxfk d zd| wkdw lw fdq rqo| vxssruw
wkh ixqgdphqwdo prgh> wklv lv dfklhyhg xvlqj d wklfnqhvv ri wkh dfwlyh od|hu/ zklfk
lv wkh fruh ri wkh zdyhjxlgh vwuxfwxuh/ ri 3140315 p1 Dv d uhvxow/ eurdg0duhd odvhuv/
odvhu duud|v dqg eduv udgldwh lq wkh wudqvyhuvh gluhfwlrq lq d qhduo| Jdxvvldq ehdp
sdwwhuq1 Vxfk d sdwwhuq lv gludfwlrq olplwhg dqg fdq lq wkh wudqvyhuvh gluhfwlrq
eh uhlpdjhg wr wkh glphqvlrq ri wkh dfwlyh od|hu1 Doo wkh duud| prghv/ zklfk zloo
eh lqwurgxfhg lq wkh iroorzlqj vhfwlrq/ kdyh qhduo| wkh vdph Jdxvvldq sdwwhuq lq
wkh wudqvyhuvh gluhfwlrq1 Lq wklv frqwh{w duud| prgh lv htxlydohqw wr vsdwldo prgh1
Wkh vfdodu hohfwulfdo qhdu0hog ri wklv doprvw Jdxvvldq prgh lq wkh wudqvyhuvh
gluhfwlrq +|0d{lv, lv ghqrwhg 3 +|,1 Wkh pd{lpxp udgldwlrq dqjoh zlwk uhvshfw
wr wkh qrupdo ri wkh rxwsxw idfhw lv w|slfdoo| 53 iru d frpphufldo odvhu duud|1
57 UlvûU436;+HQ,
51815 Ghvfulswlrq ri Odwhudo Prghv
Ehwwhu xqghuvwdqglqj ri wkh prgdo ihdwxuhv ri jdlq0jxlghg odvhu duud|v lv ri juhdw
lqwhuhvw/ ehfdxvh lw jlyhv xvhixo lqirupdwlrq derxw krz wr dfklhyh vlqjoh0oreh hplv0
vlrq iurp vxfk ghylfhv1 Wkhuh duh pdlqo| wzr ghvfulswlrqv ri wkh odwhudo prghv ri
odvhu glrgh duud|v/ wkh vxshuprgh wkhru| dqg wkh shuwxuehg eurdg0duhd prgho1 Wkh
whup duud| prgh lv xvhg dv v|qrq|p iru odwhudo prgh1
Vxshuprgh wkhru| Wkh vxshuprgh wkhru| ^5</ 63` zdv wkh uvw wkhru| wkdw
frxog h{sodlq vrph dvshfwv ri wkh duud| prgdo ehkdylru1 Lq wklv wkhru|/ wkh duud|
prghv duh h{suhvvhg lq whupv ri olqhdu frpelqdwlrqv ri lqglylgxdo prghv iurp
hdfk zdyhjxlgh fruuhvsrqglqj wr rqh odvhu hohphqw ri wkh duud|1 Hdfk zdyhjxlgh
lv frxsohg wr lwv qhljkeruv yld hydqhvfhqw frxsolqj1 E| dvvxplqj wkdw doo Q odvhu
hohphqwv ri dq duud| vxssruw wkh vdph vlqjoh vsdwldo prgh/ lw zdv vkrzq wkdw wkh
frxsolqj ehwzhhq Q vwulshv jlyhv ulvh wr Q odwhudo duud| prghv/ zklfk ruljlqdoo|
zdv fdoohg vxshuprghv +odwhudo prghv,1^63` Wkh Q prghv duh odehoohg zlwk d prgh
qxpehup +p @ 4  43 iru Q @ 43,1 Wkh ixqgdphqwdo prgh +p @ 4,/ zkhuh doo wkh
Q hohphqwv duh lq0skdvh/ kdv d vlqjoh0oreh idu0hog sdwwhuq1 Doo wkh rwkhu prghv +p
A 4, duh uhihuuhg wr dv kljkhu0rughu prghv1 Wkh vxshuprgh wkhru| suhglfwv wkdw
doo kljkhu0rughu prghv duh dvvrfldwhg zlwk d fkdudfwhulvwlf wzlq0oreh idu0hog1 Wkh
h{lvwhqfh ri vxfk pxowlsoh odwhudo prghv kdv ehhq frquphg h{shulphqwdoo|1^64`
Odwhu h{shulphqwdo lqyhvwljdwlrqv^65/ 66` kdyh/ krzhyhu/ uhyhdohg wkh h{lvwhqfh ri
prgh rughuv vxshulru wr Q/ l1h1 p A Q iru dq Q vwulsh odvhu/ wkdw fdqqrw eh h{0
sodlqhg e| wkh vxshuprgh wkhru|1 Iru jdlq0jxlghg odvhu glrgh duud|v wkh shuwxuehg
eurdg0duhd prgho kdv suryhq wr eh vxshulru wr wkh vxshuprgh wkhru| lq ghvfulelqj
wkh prgdo ehkdylru1 Krzhyhu/ iru lqgh{0jxlghg duud|v/ zkhuh wkh frxsolqj ehwzhhq
wkh odvhu hohphqwv lv vpdoo/ wkh vxshuprgh wkhru| pd| eh dssolhg1^67`
Wkh shuwxuehg eurdg0duhd prgho Wkh ruljlqdo zrun ^68` ri wkh shuwxuehg
eurdg0duhd prgho lqfoxghg wkh shulrglf jdlq dqg lqgh{ judwlqjv iruphg e| wkh
fxuuhqw vwulshv +dqg wkh whpshudwxuh yduldwlrq dfurvv wkh mxqfwlrq,1 Wkh prgho
vkrzhg h{fhoohqw djuhhphqw zlwk h{shulphqwv1 Wkh prgho lv forvho| uhodwhg wr d
vlplodu prgho wkdw kdv ehhq uhsruwhg1^65/ 69` Odwhu/ wkh prgho zdv h{whqghg ^6:`
dqg lw zdv vkrzq wkdw wkh jdlq ri wkh duud| phglxp dovr ohdgv wr d eurdghqlqj ri
wkh idu0hog orehv1 Ehorz wkh ruljlqdo zrun lv rxwolqhg1
Iru d jdlq0jxlghg duud|/ wkh vwulshv lqgxfh wzr shuwxuedwlrqv lq wkh hhfwlyh
lqgh{ suroh= +4, d shulrglf prgxodwlrq ri wkh jdlq/ dqg +5, d shulrglf prgxodwlrq
ri wkh uhdo uhiudfwlyh lqgh{ gxh wr wkh fduulhu lqgxfhg lqgh{ fkdqjh wkurxjk wkh
dqwljxlglqj hhfw1 Wkh frxsolqj uhodwlrq ehwzhhq +4, dqg +5, lv jlyhq e| Ht1 41
Wkhvh hhfwv duh dffrxqwhg iru e| lqwurgxflqj d vlqxvrlgdo shuwxuedwlrq lq wkh
orfdo frpsoh{ lqgh{ +hq,1 Xvlqj Htv1 4 dqg 5 wkh iroorzlqj h{suhvvlrq iru wkh
fkdqjh lq wkh orfdo frpsoh{ lqgh{ lv rewdlqhg iru dq Q vwulsh odvhu duud|
hq +{, @ +4,Q
j
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Wkh idfwru +4,Q lv qhfhvvdu| wr rewdlq plqlpxp jdlq dw wkh fhqwhu ri wkh duud| iru
hyhq ydoxhv ri vwulshv dqg pd{lpxp jdlq iru rgg ydoxhv1 Htxdwlrq 8 lv d jdlq dqg
lqgh{ judwlqj zlwk wkh judwlqj yhfwru sdudooho wr wkh {0d{lv1 Wkh suhvhqfh ri vxfk
d judwlqj kdv ehhq h{shulphqwdoo| yhulhg e| lqyhvwljdwlrqv ri d wudyholqj0zdyh
dpsolhu1^6;` Dq dgglwlrqdo shuwxuedwlrq dulvlqj iurp wkh whpshudwxuh yduldwlrq
dfurvv wkh mxqfwlrq fdq eh dgghg wr Ht1 8> krzhyhu/ khuh wklv sduw lv vnlsshg1 Wkh
vfdodu hohfwulfdo qhdu0hog ri d shuwxuehg duud| prgh lv ghqrwhg p +{, zkhuh p
lv wkh prgh lqgh{1 Lq rughu wr rewdlq wkh duud| prghv wkh zdyh htxdwlrq pxvw eh
vroyhg diwhu wkh lqgh{ fkdqjh hq +{, kdv ehhq lqfoxghg1 Wkh suhvhqwdwlrq ri wklv
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vroxwlrq/ krzhyhu/ lv eh|rqg wkh vfrsh ri wkh suhvhqw wkhvlv exw fdq eh irxqg lq
Uhiv1 ^68/ 6:`1 Lqvwhdg/ vrph lpsruwdqw uhvxowv ri wkh dqdo|vlv duh suhvhqwhg1
Idu0Ilhog Sdwwhuq iurp dq Duud| Vrph ri wkh fkdudfwhulvwlfv ri wkh idu0
hog sdwwhuq ri dq duud| fdq eh looxvwudwhg zlwk wkh vroxwlrq iru wkh xqshuwxuehg
sureohp1 Wklv sureohp lv prghohg vlplodu wr dq hljhqydoxh sureohp ri dq lqqlwh
vtxduh0zhoo srwhqwldo1 Lqvlgh wkh zhoo/ d xqlirup uhiudfwlyh lqgh{ dqg jdlq lv dv0
vxphg1 l1h1 hq +{, @ 31^6:` Wkh vroxwlrq wr wkh xqshuwxuehg sureohp lv uhihuuhg
wr dv wkh xqshuwxuehg duud| prghv1 Wkh vfdodu hohfwulfdo qhdu0hog glvwulexwlrq ri
wkh xqshuwxuehg duud| prghv duh ghqrwhg p +{, 0 zkhuh p lv wkh prgh lqgh{ 0





















zkhuh {3 lv wkh kdoi0zlgwk ri wkh odvhu duud| dqg wkh ixqfwlrq uhfw +{@{3, kdv wkh
ydoxh xqlw| iru m{m ? {3 dqg }hur hyhu|zkhuh hovh1 Wkh idu0hog ri wkh xqshuwxuehg
duud| prghv pd| eh rewdlqhg dv wkh Irxulhu wudqvirup ri wkh qhdu0hog jlyhq e|
Ht1 9/ dqg lv irxqg wr eh ^6:`































zkhuh  lv wkh udgldwlrq dqjoh zlwk uhvshfw wr wkh qrupdo ri wkh rxwsxw idfhw/ l1h1
wkh }0d{lv1 Hyhq wkrxjk xqshuwxuehg duud| prghv duh qrw wkh fruuhfw vroxwlrq wr
wkh shuwxuehg sureohp/ wkh| vwloo surylgh yhu| jrrg xqghuvwdqglqj ri wkh udgldwlrq
surshuwlhv dqg wkh zd| wkh duud| prghv duh vsdwldoo| vhsdudwhg lq wkh idu0hog1
Iljxuh 9 vkrzv wkh idu0hog sdwwhuq iru wkuhh glhuhqw duud| prghv1 Wkh judskv
duh rewdlqhg dv mIW ip +{,jm
5/ zklfk lv htxlydohqw wr wkh lqwhqvlw|/ iru d Q @ 43
vwulsh duud| wkdw lv 433 p zlgh dqg lv odvlqj dw ;33 qp1 Iljxuh 9+d, vkrzv wkh
ixqgdphqwdo duud| prgh +p @ 4,1 Wklv prgh kdv d vlqjoh oreh dqg zdv ruljlqdoo|
uhihuuhg wr dv wkh lq0skdvh prgh1 ^5<` Iljxuhv 9+e, dqg +f, vkrz wkh idu0hog sdw0
whuq iru p @ 43 dqg p @ 4;/ uhvshfwlyho|1 Erwk duud| prghv duh kljkhu rughu dqg
kdyh wkh fkdudfwhulvwlf dqg udwkhu zhoo nqrzq wzlq0oreh vkdsh1 Lw lv vhhq wkdw wkh
wzr orehv ri dq duud| prgh duh udgldwhg v|pphwulfdoo| zlwk uhvshfw wr }hur dqjoh1










zkhuh p djdlq lv wkh prgh lqgh{1 Wkh soxv vljq uhihuv wr wkh srvlwlyh oreh dqg wkh
plqxv vljq uhihuv wr wkh qhjdwlyh oreh1 Dv fdq eh vhhq iurp wklv h{suhvvlrq/ dqg
dovr iurp Iljv1 9+e, dqg +f,/ wkh orehv ri glhuhqw duud| prghv duh udgldwhg dw
glhuhqw dqjohv1 Wklv idfw pdnhv lw srvvleoh wr lqwurgxfh duud| prgh glvfulplqdwlrq
e| vsdwldo owhulqj lq dq h{whuqdo fdylw| +zloo eh glvfxvvhg lq Vhf1 817,1
Iru frpsdulvrq Ilj1 : vkrzv d qxpehu ri idu0hog sdwwhuqv dqg qhdu0hog glv0
wulexwlrqv fruuhvsrqglqj wr glhuhqw duud| prghv1 Wkh gdwd kdyh ehhq rewdlqhg
h{shulphqwdoo| zlwk d 43 vwulsh duud| +diwhu Uhi1 ^66`,1 Dv fdq eh vhhq lq wkh jxuh/
wkh kljkhvw rughu prghv udgldwh wkhlu orehv dw wkh odujhvw dqjohv/ dv h{shfwhg iurp
Ht1 ;1 Ixuwkhupruh/ lw lv vhhq wkdw qhdu0hog glvwulexwlrq kdv d qxpehu ri shdnv
wkdw fruuhvsrqg wr wkh prgh lqgh{ qxpehu p1
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Iljxuh 91 Wkhruhwlfdo idu0hog sdwwhuqv +Ht1 :, iurp dq Q @ 43 vwulsh odvhu glrgh
duud|1 Wkh zlgwk ri wkh duud| lv 433 p +{3 @ 83 p,1 Wkh zdyhohqjwk lv  @
;33 qp1 +d, Wkh ixqgdphqwdo prgh/ p @ 4/ zklfk lv vlqjoh0orehg1 Wkh ghqlwlrq
ri gludfwlrq0olplwhg lv edvhg rq wkh IZKP ri wklv vlqjoh oreh dv lqglfdwhg e| wkh
duurzv1 +e, Wkh prgh zlwk wkh kljkhvw jdlq/ p @ 431 +f, D kljkhu rughu prgh/ p
@ 4;1
Ghqlwlrq ri *Gludfwlrq0Olplwhg* Wkh ixoo zlgwk dw kdoi0pd{lpxp +IZKP,






Wudglwlrqdoo|/ wklv kdv ehhq wkh ghqlwlrq ri wkh gludfwlrq olplw iru d odvhu
duud| ru d eurdg0duhd odvhu1 Wklv ghqlwlrq zloo dovr eh xvhg lq wkh suhvhqw wkhvlv1
Iru d 433 p zlgh duud| dw ;33 qp zdyhohqjwk/ wkh gludfwlrq olplw lv glii @
31881 Li wkh udgldwlrq iurp wkh duud| lv ohvv wkdq wkh olplw jlyhq e| Ht1 </ wkh
udgldwlrq lv vdlg wr eh gludfwlrq0olplwhg1
Prgdo Jdlq ri Duud| Prghv Wkh glhuhqw duud| prghv h{shulhqfh glhuhqw
jdlqv1 Iljxuh ; vkrzv wkh prgdo jdlq iru wkh uvw 53 duud| prghv ri d 430vwulsh
duud|1 Wkh duud| prghv gr kdyh d voljkwo| glhuhqw rvfloodwlrq iuhtxhqflhv1 Wkh
rvfloodwlrq iuhtxhqf| ri d sduwlfxodu prgh uhodwlyh wr wkh rvfloodwlrq iuhtxhqf| iru
duud| prgh p @ 4 lv uhihuuhg wr dv d iuhtxhqf| vkliw1 Lq Ilj1 ; wkh fruuhvsrqg0
lqj iuhtxhqf| vkliw iru wkh duud| prghv kdyh dovr ehhq sorwwhg1 Li wkh odvhu glrgh
duud| lv gulyhq idu deryh wkuhvkrog/ vhyhudo duud| prghv zloo eh rvfloodwlqj vlpxo0
wdqhrxvo|1 Wkh wrwdo idu0hog revhuyhg iurp dq duud| pd| wkhuhiruh eh pruh olnh
d xqlirup hqhuj| glvwulexwlrq lq wkh udqjh   06 wr 6 vlqfh wkh glhuhqw du0
ud| prghv udgldwh wkhlu orehv dw glhuhqw dqjohv1 Wkh p @ 43 duud| prgh kdv
wkh kljkhvw jdlq +dv dovr uhsruwhg lq Uhi1 ^69`,1 Dw wkuhvkrog wklv duud| prgh zloo
grplqdwh1 Wkh p ? 43 duud| prghv kdyh d orz jdlq dqg dw d gulyh fxuuhqw deryh
wkuhvkrog/ wkhvh prghv duh uduho| suhvhqw1
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Iljxuh :1 Idu0hog sdwwhuqv dqg qhdu0hog glvwulexwlrqv ri glhuhqw duud| prghv1
Wkh gdwd kdyh ehhq h{shulphqwdoo| rewdlqhg1 Wkh duud| zdv d whq0vwulsh jdlq0
jxlghg duud| +prgho VGO057550K4,1 Iurp Uhi1 ^66`1
Iljxuh ;1 Sorw ri wkh prgdo jdlqv ri wkh uvw 53 duud| prghv ri d whq0vwulsh duud|1
Wkh jdlq kdv ehhq sorwwhg djdlqvw wkh zdyhohqjwk vkliw iru hdfk duud| prgh1 Iurp
Uhi1 ^68`1
51816 Kljk dqg Orz Frkhuhqfh D{hv
Kdylqj hvwdeolvkhg wkh fkdudfwhulvwlfv ri wkh vsdwldo prghv lq wkh wudqvyhuvh dqg
wkh odwhudo gluhfwlrqv/ wkh vsdwldo prghv ri wkh odvhu duud| duh ixoo| ghvfulehg1
Wr vxppdul}h/ hdfk vsdwldo prgh ri wkh duud|/ duud|
p
+{> |,/ fdq eh zulwwhq dv d




+{> |, @ p +{, 3 +|, > +43,
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zkhuh wkh wudqvyhuvh ghshqghqfh lv wdnhq iurp Vhf1 518141 Dv glvfxvvhg deryh/ wkhuh
fdq eh vhyhudo duud| prghv +p +{,, rvfloodwlqj vlpxowdqhrxvo|1 Dv vhhq iurp Ht1
43/ krzhyhu/ wkh| doo kdyh wkh vdph wudqvyhuvh ghshqghqfh vlqfh 3 +|, grhv qrw
ghshqg rq wkh prgh lqgh{ p1 Dv d frqvhtxhqfh/ wkh vsdwldo frkhuhqfh lv pxfk
odujhu dorqj wkh |0d{lv dv frpsduhg zlwk wkh {0d{lv1 Wklv ohdgv wr wkh ghqlwlrq
ri wkh kljk dqg wkh orz frkhuhqfh d{hv ri dq duud|/ zklfk duh wkh |0d{lv dqg wkh
{0d{lv/ uhvshfwlyho|1 Suhylrxvo|/ wkh whup *duud| prgh* uhihuuhg wr p +{,/ exw lq
wkh iroorzlqj lw zloo eh xvhg dv d uhihuhqfh wr duud|
p
+{> |,1 Wkh kljk dqg wkh orz
frkhuhqfh d{hv duh riwhq uhihuuhg wr dv wkh idvw dqg wkh vorz d{hv/ uhvshfwlyho|/
gxh wr wkh glhuhqfh ehwzhhq wkh pd{lpxp udgldwlrq dqjoh +, revhuyhg dorqj
wkh wzr d{hv1
51817 Dvwljpdwlvp ri wkh Duud| Hplvvlrq
Rzlqj wr wkh glhuhqw jxlglqj phfkdqlvpv lq wkh sodqh shushqglfxodu wr wkh
mxqfwlrq +lqgh{0jxlghg, dqg lq wkh sodqh sdudooho wr wkh mxqfwlrq +jdlq0jxlghg,/
wkh hplvvlrq kdv dvwljpdwlvp1 Dorqj wkh |0d{lv wkh hplvvlrq kdv lwv ehdp zdlvw
dw wkh vxuidfh ri wkh rxwsxw idfhw/ zkloh dorqj wkh {0d{lv lwv ehdp zdlvw lv orfdwhg
ehklqg wkh rxwsxw idfhw1 Iru w|slfdo odvhu duud|v wkh vhsdudwlrq ehwzhhq wkh vsd0
wldo srvlwlrqv ri wkh wzr zdlvwv lv 43304333 p +edvhg rq lqirupdwlrq iurp VGO
Lqf1/ Vdq Mrvh/ XVD,1 Wklv vhsdudwlrq lv nqrzq dv orqjlwxglqdo dvwljpdwlvp1^6<`
D frqvhtxhqfh ri wkh dvwljpdwlvp lv wkdw lq rughu wr uhlpdjh wkh mxqfwlrq ru wr
froolpdwh wkh udgldwlrq/ dq dqdprusklf v|vwhp lv qhhghg1 Lw fdqqrw eh grqh zlwk
d vlqjoh frqyhqwlrqdo ohqv1
51818 Vshfwudo Surshuwlhv ri wkh Duud| Hplvvlrq
Vhplfrqgxfwruv whqg wr eh krprjhqhrxvo| eurdghqhg1 Qhyhuwkhohvv/ vsdwldo kroh
exuqlqj shuplwv wkh vlpxowdqhrxv rvfloodwlrq ri pdq| orqjlwxglqdo prghv1 D odvhu
glrgh duud| kdv qr exlow0lq phfkdqlvp iru glvfulplqdwlrq ri orqjlwxglqdo prghv
dqg/ dv d uhvxow/ vhyhudo orqjlwxglqdo prghv rvfloodwh vlpxowdqhrxvo|1 Wkh edqg0
zlgwk +IZKP, ri d w|slfdo ghylfh lv lq wkh udqjh 405 qp1 Dv d frqvhtxhqfh ri
wklv kxjh edqgzlgwk/ wkh frkhuhqfh ohqjwk lv rqo| d iudfwlrq ri d ploolphwhu1 Wkh
orqjlwxglqdo prgh vsdflqj IS lv ghwhuplqhg e| wkh ohqjwk ri wkh Ideu| Shurw






zkhuh  lv wkh odvlqj zdyhohqjwk lq ydfxxp/ qduud| lv wkh edfnjurxqg uhiudfwlyh
lqgh{ iru wkh duud| dqg O lv wkh ohqjwk ri wkh fdylw|1 Iru JdDoDv wkh uhiudfwlyh
lqgh{ lv qduud|  619/ dqg iru  @ ;33 qp dqg O @ 31;3 pp wkh prgh vsdflqj lv
IS @ 3144 qp1 Iru d edqgzlgwk ri 405 qp wkhuh lv wkhuhiruh 43 wr 48 orqjlwxgl0
qdo prghv wkdw rvfloodwh vlpxowdqhrxvo|1 Dv lv wkh fdvh iru/ h1j1/ dq dujrq lrq odvhu
0 zklfk vxssruwv wkh zhoo nqrzq WHP vsdwldo prghv ^74` 0 hdfk orqjlwxglqdo prgh
lv d foxvwhu ri vsdwldo prghv1 Wkh foxvwhu ri uhvrqdqfhv iru hdfk orqjlwxglqdo prgh
ruljlqdwhv iurp wkh glhuhqw sursdjdwlrq frqvwdqwv dvvrfldwhg zlwk wkh glhuhqw
duud| prghv1 Lq rwkhu zrugv= wkh glhuhqw duud| prghv doo kdyh d voljkwo| glhuhqw
rvfloodwlrq iuhtxhqf|1 Wkh zdyhohqjwk vkliwv iru wkh glhuhqw duud| prghv duh jlyhq
lq Ilj1 ;1 Wkh vsdwldo prgh vsdflqj p>p.4/ zklfk lv wkh glhuhqfh ehwzhhq wkh
uhvrqdqw zdyhohqjwk iru wzr dgmdfhqw duud| prghv p dqg p . 4/ lv iru w|slfdo
duud|v lq wkh udqjh 313403136 qp1^66/ 73`
Iljxuhv <+d, dqg +e, vkrz d iuhtxhqf|0uhvroyhg qhdu0hog glvwulexwlrq dqg idu0
hog sdwwhuq/ uhvshfwlyho|1 Lq Ilj1 <+d, rqh orqjlwxglqdo prgh lv vkrzq1 Wklv orq0
jlwxglqdo prgh lv d foxvwhu ri duud| prghv1 Wkh p @ 4304: duud| prghv fdq eh
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Iljxuh <1 +d, Iuhtxhqf| uhvroyhg qhdu0hog ri d orqjlwxglqdo prgh1 Wkh p @ 43 0
4: duud| prghv duh rvfloodwlqj1 +e, Iuhtxhqf| uhvroyhg idu0hog ri wzr frqvhfxwlyh
orqjlwxglqdo prghv1 Vl{ duud| prghv duh fohduo| glvwlqjxlvkdeoh lq hdfk prgh1 Wkh
dqjxodu vhsdudwlrq ehwzhhq wkh wzr orehv ri dq duud| prgh lqfuhdvhv iru kljkhu
prgh qxpehu +vpdoohu rvfloodwlqj zdyhohqjwk,1 Iurp Uhi1 ^66`1
lghqwlhg1 Wkh vsdwldo prgh vsdflqj lv 
p>p.4  3135 qp1 Iljxuh <+e, vkrzv
d iuhtxhqf|0uhvroyhg idu0hog sdwwhuq ri wzr frqvhfxwlyh orqjlwxglqdo prghv1 Wkh
orqjlwxglqdo prgh vsdflqj lvIS  316 qp1 Wkh dqjxodu vhsdudwlrq ehwzhhq wkh
wzr orehv ri dq duud| prgh lqfuhdvhv iru kljkhu prgh qxpehu dqg wkh rvfloodwlqj
zdyhohqjwk ehfrphv vkruwhu/ zklfk lv lq djuhhphqw zlwk Iljv1 9 dqg ;1
Wkh olqh zlgwk ri hdfk duud| prgh lv w|slfdoo| 830433 PK} exw fdq eh xs wr
wkh JK} udqjh ghshqglqj rq wkh srzhu lq wkh prgh1^75`
51819 Srodul}dwlrq Vwdwh ri wkh Duud| Hplvvlrq
Lq wkh grxeoh khwhurvwuxfwxuh odvhu vkrzq lq Ilj1 4/ wkhuh lv d zdyhjxlgh frq0
qhphqw lq wkh gluhfwlrq shushqglfxodu wr wkh mxqfwlrq/ l1h1 dorqj wkh |0d{lv1 Dv
phqwlrqhg hduolhu/ wklv vode0zdyhjxlgh vwuxfwxuh vxssruwv wkh ixqgdphqwdo prgh
rqo|1 Krzhyhu/ wkhuh h{lvw wzr ixqgdphqwdo prghv/ wkh WH dqg WP prghv/ wkdw
duh glvwlqjxlvkhg rq wkh edvlv ri wkhlu srodul}dwlrq1 Iru WH prghv wkh hohfwulf hog
lv srodul}hg dorqj wkh khwhurmxqfwlrq sodqh/ l1h1 wkh srodul}dwlrq yhfwru lv dorqj
wkh { d{lv1 Iru WP prghv/ lw lv wkh pdjqhwlf hog wkdw lv srodul}hg dorqj wkh
{0d{lv1 Lw wxuqv rxw/ krzhyhu/ wkdw wkh rvfloodwlrq ri wkh WP ixqgdphqwdo prgh
uhtxluhv d wklfnhu vode zdyhjxlgh dv frpsduhg zlwk wkh WH prgh/ l1h1 e| fkrrvlqj
wkh fruuhfw wklfnqhvv ri wkh dfwlyh od|hu wkh odvhu vwuxfwxuh fdq eh ghvljqhg wr
vxssruw wkh WH ixqgdphqwdo prgh rqo|1 Dv d uhvxow/ prvw eurdg0duhd odvhuv/ odvhu
glrgh duud|v dqg odvhuv glrgh eduv duh olqhduo| srodul}hg zlwk wkh hohfwulfdo hog
srodul}hg dorqj wkh mxqfwlrq/ l1h1 dorqj wkh {0d{lv1 Wkh srodul}dwlrq udwlr +{0d{lv
frpsduhg zlwk |0d{lv, ri frpphufldo eurdg0duhd odvhuv dqg odvhu glrgh duud|v lv
w|slfdoo| lq wkh udqjh 53=4 wr 63=4 ru odujhu1
5181: Hplvvlrq Fkdudfwhulvwlfv ri Odvhu Glrgh Eduv
Lq vkruw/ d odvhu glrgh edu kdv fkdudfwhulvwlfv vlplodu wr wkh fkdudfwhulvwlfv ri d
odvhu glrgh duud|/ vlqfh d edu frqvlvwv ri vhsdudwhg odvhu glrgh duud|v1 Krzhyhu/
erwk wkh vsdwldo frkhuhqfh dqg wkh frkhuhqfh ohqjwk duh ghfuhdvhg vxevwdqwldoo|
iru d edu dv frpsduhg zlwk wkh frkhuhqfh surshuwlhv ri dq duud|1 Wkh uhdvrq iru
wklv lv wkdw wkh rxwsxw ri d odvhu edu lv lq jhqhudo dq lqfrkhuhqw vxppdwlrq ri
wkh sduwo| frkhuhqw rxwsxw ri wkh duud|v ri wkh edu1 Wkh vshfwud dvvrfldwhg zlwk
wkh lqglylgxdo duud|v duh voljkwo| glhuhqw rzlqj wr hhfwv vxfk dv whpshudwxuh
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yduldwlrq dqg/ dv d uhvxow/ wkh vxpphg vshfwuxp lv eurdghu wkdq wkh vshfwud ri
wkh lqglylgxdo duud|v1 D edqgzlgwk rq wkh rughu ri 6 qp lv w|slfdo1 Wkh frkhuhqfh
ohqjwk/ krzhyhu/ pd| eh hyhq vkruwhu wkdq h{shfwhg iurp vxfk d edqgzlgwk gxh wr
wkh lqfrkhuhqw vxppdwlrq1 Wkh vsdwldo frkhuhqfh lv dovr vpdoohu dv frpsduhg zlwk
wkh surshuwlhv ri d vlqjoh duud| ehfdxvh ri wkh lqfrkhuhqw vxppdwlrq1 Pruhryhu/
wkhuh pd| eh glhuhqfhv ehwzhhq wkh vwuxfwxuh dqg vl}h ri wkh duud|v gxh wr
pdqxidfwxuh surfhvvhv zklfk fdq ohdg wr glhuhqw prgdo ehkdylru vxfk dv udgldwlrq
dqjoh iru d jlyhq duud| prgh1
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6 Skrwruhiudfwlyh Hhfw
Wkh skrwruhiudfwlyh hhfw kdv ehfrph wkh dffhswhg whup wkdw lv xvhg wr ghvfuleh
wkh oljkw lqwhqvlw| ghshqghqw uhiudfwlyh lqgh{ revhuyhg lq pdq| hohfwur0rswlf pd0
whuldov1 Wklv hhfw zdv uvw glvfryhuhg lq OlQeR6 dw Ehoo Oderudwrulhv lq d vhfrqg
kduprqlf jhqhudwlrq h{shulphqw1^76` Dw wkdw wlph wkh skhqrphqrq zdv uhihuuhg wr
dv rswlfdo gdpdjh vlqfh lw uxlqhg wkh skdvh pdwfklqj frqglwlrq lq wkh fu|vwdo ri wkh
sxps ehdp dqg wkh jhqhudwhg vhfrqg kduprqlf ehdp1 Wkh skrwruhiudfwlyh hhfw
kdv odwhu ehhq revhuyhg lq pdq| hohfwur0rswlf pdwhuldov vxfk dv EdWlR6 ^77/ 78`/
NQeR6 ^79`/ OlQeR6 ^7:`/ OlWdR6 ^76`/ Vu4{Ed{Qe5R9 +VEQ, ^7;`/ El45VlR53
+EVR, ^7<`/ El45JhR53 +EJR, ^83`/ FgV ^84`/ JdDv ^85`/ dqg LqS ^85/ 86`1 Wkh
skrwruhiudfwlyh hhfw uholhv rq wkh hohfwur0rswlf hhfw wkdw ohdgv wr d fkdqjh lq
wkh uhiudfwlyh lqgh{ dv wkh looxplqdwlrq jhqhudwhv dq lqwhuqdo hohfwulfdo hog1
Skrwruhiudfwlyh fu|vwdov xvhg dv wkh qrqolqhdu phglxp lq frqmxqfwlrq zlwk wkh
jhqhudwlrq ri skdvh frqmxjdwlrq e| irxu0zdyh pl{lqj kdyh wkh dgydqwdjh 0 dv
frpsduhg zlwk/ h1j1/ vwlpxodwhg Euloorxlq vfdwwhulqj 0 wkdw wkh| duh vhqvlwlyh hyhq
dw orz rswlfdo srzhu lq wkh ploolzdww udqjh1 Dv d uhvxow/ skrwruhiudfwlyh fu|vwdov
fdq eh xvhg zlwk FZ looxplqdwlrq iurp orz0srzhu vrxufhv vxfk dv vhplfrqgxfwru
odvhuv1 Lq frqqhfwlrq zlwk skdvh frqmxjdwlrq jhqhudwhg e| d vhplfrqgxfwru odvhu/
edulxp wlwdqdwh +EdWlR6, lv riwhq xvhg ehfdxvh ri lwv odujh hohfwur0rswlf hhfw dqg
gxh wr wkh idfw wkdw wkurxjk grslqj lw fdq eh pdgh vhqvlwlyh lq wkh qhdu0lqiuduhg
zdyhohqjwk udqjh1 Wklv pdwhuldo zloo eh ghvfulehg lq wkh suhvhqw fkdswhu1 Li wkh
uhdghu lv idploldu zlwk wkh skrwruhiudfwlyh hhfw/ wklv fkdswhu fdq eh vnlsshg1
614 Sk|vlfdo Phfkdqlvpv
Iluvw zh frqvlghu d vlpsoh prgho zklfk lv uhihuuhg wr dv wkh rqh fhqwhu edqg
wudqvsruw prgho1 Wklv prgho lv xvhixo iru h{sodlqlqj pdq| ri wkh skrwruhiudfwlyh
skhqrphqd revhuyhg lq/ iru h{dpsoh/ edulxp wlwdqdwh1 Iljxuh 43 vkrzv d vfkhpdwlf
hqhuj| edqg gldjudp ri wkh skrwruhiudfwlyh phglxp1 Wkh phglxp frqwdlqv fhuwdlq
w|shv ri lpsxulwlhv ru lpshuihfwlrqv dqg lqfoxgh grqru dwrpv zkrvh ghqvlw| lv QG
+p6, dqg dffhswru dwrpv QD1 Wkh grqru dwrpv kdyh hqhuj| ohyhov forvh wr wkh
fhqwhu ri wkh edqgjds/ dv vkrzq lq Ilj1 43+d,1 Vlqfh wkh hqhuj| ri d ydohqfh hohfwurq
lq wkh dffhswru dwrp vwdwh lv orzhu wkdq wkdw ri wkh grqru/ hdfk dffhswru dwrp
kdv ghsulyhg d grqru dwrp ri dq hohfwurq1 Dv d uhvxow/ wkh ghqvlw| ri lrql}hg grqru
lpsxulwlhv htxdov wkh ghqvlw| dffhswru lpsxulwlhv lq wkh devhqfh ri looxplqdwlrq1




fdqglgdwhv iru h{flwdwlrq dqg fdq jhqhudwh iuhh hohfwurqv e| devruelqj skrwrqv lq
wkh suhvhqfh ri looxplqdwlrq1 E| h{flwdwlrq dq xqlrql}hg grqru lv frqyhuwhg lqwr
wkh lrql}hg vwdwh1 Dw wkh vdph wlph wkh iuhh fduulhuv fdq eh uhfdswxuhg e| dq
lrql}hg grqru1 Wkh h{flwdwlrq dqg uhfdswxulqj surfhvvhv duh rqjrlqj1
Wkh iuhh hohfwurqv +fduulhuv, lq wkh frqgxfwlrq edqg duh iuhh wr pryh zkhuhdv
wkh lrql}hg grqru dwrpv uhpdlq {hg lq wkh fu|vwdo odwwlfh1 Li wkh dssolhg hohfwur0
pdjqhwlf udgldwlrq wkurxjkrxw wkh phglxp lv qrqxqlirup/ wkh jhqhudwhg fduulhu
ghqvlw| zloo dv d uhvxow ehfrph vsdwldoo| ydu|lqj1 Diwhu wkh iuhh fduulhuv kdyh ehhq
jhqhudwhg e| qrqxqlirup looxplqdwlrq/ wkh| fdq pljudwh gxh wr guliw dqg glxvlrq1
Dv d uhvxow ri wkh pljudwlrq ri wkh iuhh fduulhuv dqg gxh wr wkh idfw wkdw wkh lrql}hg
grqru dwrpv uhpdlq {hg lq wkh fu|vwdo odwwlfh/ d vsdwldoo| ydu|lqj fkdujh glvwul0
exwlrq lv jhqhudwhg1 Wklv qrqxqlirup fkdujh glvwulexwlrq ohdgv wr wkh jhqhudwlrq
ri dq lqwhuqdo hohfwulfdo vsdfh fkdujh hog1 Wkh vsdfh fkdujh hog dovr frqwulexwhv
wr wkh guliw hhfw gxulqj wkh pljudwlrq ri wkh iuhh fduulhuv1 Ilqdoo|/ wkh jhqhudwhg
vsdfh fkdujh hog uhvxowv lq d fkdqjh lq wkh uhiudfwlyh lqgh{ ehfdxvh ri wkh olqhdu
hohfwur0rswlf surshuwlhv ri wkh skrwruhiudfwlyh fu|vwdo1^87`
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Iljxuh 431 Prgho ri oljkw lqgxfhg fkdujh wudqvsruw lq d EdWlR6 fu|vwdo1 YE dqg FE
duh wkh ydohqfh edqg dqg frqgxfwlrq edqg/ uhvshfwlyho|1 +d, wkh fduulhu lv hohfwurqv1
+e, wkh fduulhu lv krohv1
Iru xqgrshg EdWlR6 lw lv eholhyhg wkdw wkh skrwrlrql}dwlrq/ dv ghvfulehg lq wkh
suhfhglqj/ lqyroyhv wkh iroorzlqj surfhvv ^88/ 89`
Ih
5.






zkhuh Ih5. dqg Ih6. duh ydohqfh vwdwhv ri wkh lurq dwrp/ k lv wkh hqhuj| ri wkh
lqwhudfwlqj skrwrq dqg h
FE
uhsuhvhqwv dq hohfwurq lq wkh frqgxfwlrq edqg1 Vlqfh
wkh hqhuj| vwdwh ri Q3
G
lv lq wkh plggoh ri wkh edqgjds/ krzhyhu/ hohfwurqv fdq
dovr eh h{flwhg iurp wkh ydohqfh edqg dqg xs wr Q3
G
/ dv vkrzq lq Ilj1 43+e,1 Wklv
fdq eh uhjdughg dv krohv wkdw duh h{flwhg lqwr wkh ydohqfh edqg zkhuh wkh| duh
iuhh wr pryh1 Wkh kroh h{flwdwlrq surfhvv lv iru wkh jlyhq fdvh ghvfulehg e| ^88`
Ih
6.








uhsuhvhqwv d kroh lq wkh ydohqfh edqg1 Lq EdWlR6 wkh kroh h{flwd0
wlrq surfhvv lv riwhq grplqdwlqj zklfk h{sodlqv wkh uhodwlyho| vorz uhvsrqvh wlph
ri EdWlR6 +rq wkh rughu ri rqh vhfrqg, vlqfh wkh pljudwlrq vshhg iru krohv lv
vorz frpsduhg zlwk wkh pljudwlrq vshhg ri hohfwurqv1^88` Wkh hohfwurq h{flwdwlrq
surfhvv fdq ehfrph grplqdwlqj e| jlylqj wkh fu|vwdo d uhgxfwlrq wuhdwphqw +wkh
fu|vwdo lv sodfhg lq d uhgxfhg dwprvskhuh suhvvxuh ri r{|jhq,1^8:` Li erwk w|shv ri
h{flwdwlrq surfhvvhv wdnh sodfh vlpxowdqhrxvo|/ wkh lqgxfhg fkdqjh lq wkh uhiudf0
wlyh lqgh{ fdq eh uhgxfhg gxh wr kroh0hohfwurq frpshwlwlrq1^8;/ 8<` Lq dgglwlrq wr
wkh grqruv dqg dffhswruv/ vrph vhfrqgdu| fhqwhu pd| eh suhvhqw lq wkh fu|vwdo1^93`
H{shulphqwv kdyh vkrzq wkdw wkhvh vhfrqgdu| fhqwhuv fdq fdxvh wkh skrwrfrqgxf0
wlylw| wr eh sursruwlrqdo wr L{/ zkhuh L lv wkh lqwhqvlw| dqg { lv dq h{srqhqw1 Wkh
h{srqhqw udqjhv iurp 318 wr 413 +li wkh vhfrqgdu| fhqwhuv duh qrw suhvhqw { htxdov
413,1^94`
615 Edulxp Wlwdqdwh 0 Surshuwlhv
Wkh sduwlfxodu dgydqwdjh ri EdWlR6 iru skrwruhiudfwlyh dssolfdwlrqv lv wkh yhu|
odujh ydoxh ri wkh hohphqwv lq wkh olqhdu hohfwur0rswlf whqvru/ zklfk lq wxuq ohdgv wr
d odujh judwlqj h!flhqf| lq wzr0zdyh pl{lqj +dpsolfdwlrq, dqg irxu0zdyh pl{lqj
+skdvh frqmxjdwlrq,1 D odujh judwlqj h!flhqf| lq irxu0zdyh pl{lqj uh hfwlylw| lv
sduwlfxoduo| ghvludeoh lq skdvh frqmxjdwh uhvrqdwru dssolfdwlrqv1
EdWlR6 kdv d Fxulh whpshudwxuh durxqg Wf * 4530463
F1^96` Deryh wklv whp0
shudwxuh lw kdv d fxelf vwuxfwxuh zlwk Ed5. lrqv dw wkh fxeh fruqhuv/ R5 lrqv
dw wkh idfh fhqwhuv dqg d Wl7. lrq dw wkh erg| fhqwhu/ dv vkrzq lq Ilj1 44+d,1 Dw
urrp whpshudwxuh EdWlR6 wudqvirupv lqwr d whwudjrqdo ihuurhohfwulf skdvh zlwk
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Iljxuh 441 Wkh fu|vwdo vwuxfwxuh ri edulxp wlwdqdwh1 +d, Wkh vwuxfwxuh lv fxelf/
zlwk Ed5. lrqv dw wkh fxeh fruqhuv/ R5 lrqv dw wkh idfh fhqwhuv/ dqg d Wl7.
lrq dw wkh erg| fhqwhu1 +e, Ehorz wkh Fxulh whpshudwxuh wkh vwuxfwxuh lv voljkwo|
ghiruphg/ zlwk Ed5. dqg Wl7. lrqv glvsodfhg uhodwlyh wr wkh R5 lrqv/ wkhuhe|
ghyhorslqj d glsroh prphqw1 Iurp Uhi1 ^95`1
d srlqw jurxs 7pp v|pphwu|1 Wkh ruljlq ri wkh shupdqhqw glsroh prphqw +ihu0
urhohfwulf skdvh, lv rzhg wr d vkliw ri wkh Ed5. lrqv dqg Wl7. lrqv zlwk uhvshfw
wr wkh R5 lrqv/ dv vkrzq lq Ilj1 44+e,1 Wklv vkliw surgxfhv d vsrqwdqhrxv srodu0
l}dwlrq +f0d{lv, lq wkh gluhfwlrq ri prwlrq1 Wkh srodu qdwxuh ohdgv wr d ydulhw| ri
surshuwlhv/ lqfoxglqj wkh slh}rhohfwulf hhfw/ wkh s|urhohfwulf hhfw dqg wkh olqhdu
hohfwur0rswlf hhfw1 Lq wkh whwudjrqdo skdvh wkh vsrqwdqhrxv srodul}dwlrq ri hdfk
prohfxoh pd| eh rulhqwhg dorqj dq| ri wkh vl{ svhxgrfxelf gluhfwlrqv ri wkh fu|v0
wdo1 Wklv phdqv wkdw dv jurzq fu|vwdov kdyh grpdlqv lq zklfk wkh srodul}dwlrq
pd| eh glhuhqw iurp hdfk rwkhu1^97` D fu|vwdo/ krzhyhu/ lv pdgh krprjhqhrxv e|
khdwlqj lw wr zhoo deryh Wf dqg sodflqj lw lq d GF hohfwulf hog/ d surfhgxuh nqrzq
dv srolqj1^96` Wkh fu|vwdo lv wkhq frrohg wr urrp whpshudwxuh1 EdWlR6 dovr kdv d
skdvh wudqvlwlrq dw W * 9 F dw zklfk wkh vwuxfwxuh ehfrphv ruwkrukrpelf dqg
wkh fu|vwdo orvhv lwv vsrqwdqhrxv srodul}dwlrq dqg skrwruhiudfwlyh surshuwlhv1^98`
Li wkh fu|vwdo sdvvhv wkurxjk dq| ri wkh wudqvlwlrqv dw 9 F ru 453 F/ lw pxvw eh
uhsrohg ehiruh lw fdq eh xvhg iru zdyh pl{lqj djdlq1 D EdWlR6 fdq wkhuhiruh eh
rshudwhg vdiho| lq wkh udqjh ri 45 F wr 443 F1 Wkh orzhu olplw lv lq jhqhudo qrw
d sureohp vlqfh h{shulphqwv duh riwhq shuiruphg dw urrp whpshudwxuh1 Wkh kljk
whpshudwxuh olplw pd| eh d sureohp zlwk kljk0srzhu odvhuv vlqfh wkh devruswlrq
lq wkh fu|vwdo fdq eh odujh dqg pd| ohdg wr vljqlfdqw khdwlqj1 Dqrwkhu sureohp
zlwk rshudwlqj d fu|vwdo dw kljk whpshudwxuh lv wkh srwhqwldo ulvn ri fudfnlqj wkh
fu|vwdo li wkh whpshudwxuh gursv wrr idvw/ h1j1 li wkh kljk0srzhu ehdpv duh vxgghqo|
wxuqhg r1
Lq vxppdu|/ EdWlR6 lv rswlfdoo| xqld{ldo dw urrp whpshudwxuh1 Wkh rswlfdo d{lv
lv uhihuuhg wr wkh f0d{lv dqg lqglfdwhv wkh gluhfwlrq ri wkh vsrqwdqhrxv srodul}dwlrq1
Wkh wzr rwkhu d{hv duh lghqwlfdo dqg duh ghqrwhg d0d{hv1 Wkh uhiudfwlyh lqgh{
ghshqgv rq wkh srodul}dwlrq ri wkh hohfwurpdjqhwlf udgldwlrq1 Wkh uhiudfwlyh lqglfhv
duh qd @ 5174 dqg qf @ 5169 +dw 966 qp zdyhohqjwk, iru udgldwlrq srodul}hg dorqj
wkh fu|vwdoorjudsklf d0d{lv dqg f0d{lv/ uhvshfwlyho|1^99` Wkh ydoxhv/ krzhyhu/ ydu|
iurp fu|vwdo wr fu|vwdo1 D gdwd vkhhw ri wkh surshuwlhv ri EdWlR6 fdq eh irxqg lq
Dsshqgl{ F1
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61514 Ukrglxp Grshg Edulxp Wlwdqdwh
Wkh hqhuj| ohyho ri wkh lurq dwrpv 0 zklfk duh dfwlyh lq wkh skrwrlrql}dwlrq surfhvv
0 lq dq xqgrshg EdWlR6 fu|vwdo lv dssur{lpdwho| 517 hY deryh wkh ydohqfh edqg1
Wklv phdqv wkdw wkh fu|vwdo kdv lwv kljkhvw skrwruhiudfwlyh uhvsrqvh lq wkh juhhq
sduw ri wkh ylvleoh vshfwuxp1 Lq rughu wr h{whqg wkh uhvsrqvh udqjh wrzdugv orqjhu
zdyhohqjwkv d grsdqw wkdw uhtxluhv orzhu h{flwdwlrq hqhuj| lv qhhghg1 Lq rughu wr
lqfuhdvh wkh vhqvlwlylw|/ EdWlR6 kdv ryhu wlph ehhq lqyhvwljdwhg zlwk pd| glhu0
hqw grsdqwv1^9:` EdWlR6 grshg zlwk fredow kdv ghprqvwudwhg lqfuhdvhg uhvsrqvh
fkdudfwhulvwlfv lq wkh qhdu0lqiuduhg udqjh1^9;` Dqrwkhu grsdqw wkdw kdv uhfhlyhg d
ydvw dprxqw ri lqwhuhvw lv ukrglxp1 Ukrglxp lqfrusrudwhg lqwr EdWlR6 kdv d shdn
devruswlrq dw 973 qp exw kdv d wdlo wkdw h{whqgv lqwr wkh qhdu0lqiuduhg udqjh1^9<`
Wklv pdnhv Uk=EdWlR6 vhqvlwlyh wr looxplqdwlrq iurp DoJdDv odvhu glrghv zklfk
kdyh zdyhohqjwkv durxqg :830;;3 qp1
Iljxuh 45 vkrzv wkh devruswlrq frh!flhqw dv d ixqfwlrq ri wkh zdyhohqjwk iru
wkuhh ukrglxp grshg EdWlR6 fu|vwdov wkdw frqwdlq glhuhqw frqfhqwudwlrqv1 Iru
frpsdulvrq wkh devruswlrq vshfwuxp iru dq xqgrshg fu|vwdo kdv dovr ehhq sorwwhg1
Iru kljk ukrglxp frqfhqwudwlrqv wkh devruswlrq h{whqgv eh|rqg rqh p1 Vhyhudo
vxffhvvixo h{shulphqwv xvlqj 41397 p kdyh ehhq uhsruwhg1^:3/ :4`
Iljxuh 451 Rswlfdo devruswlrq vshfwud ri rqh xqgrshg dqg wkuhh ukrglxp grshg
EdWlR6 fu|vwdov1 Wkh oljkw zdv srodul}hg sdudooho wr wkh f0d{lv1 Wkh qxpehuv lqgl0
fdwh wkh frqfhqwudwlrq ri ukrglxp lq wkh phowv gxulqj jurzwk1 Iurp Uhiv1^9</ 88`1
Ydohqfh vwdwh ri ukrglxp Skrwr0HSU phdvxuhphqwv kdyh uhyhdohg wkdw wkh











zklfk kdv dq lrql}dwlrq ohyho ri 31<0414 hY +4 p, deryh wkh ydohqfh edqg pd{0
lpxp ri EdWlR61^9</ :5` Wkh h{flwdwlrq ri hohfwurqv lqwr wkh frqgxfwlrq edqg
zrxog uhtxluh dw ohdvw 5 hY +wkh edqgjds lv 614 hY +733 qp, iru EdWlR6, dqg/
wkhuhiruh/ wkh Uk6.2Uk7. hohfwurq lrql}dwlrq lv suredeo| qrw lpsruwdqw gxulqj
lqiuduhg looxplqdwlrq1 Krzhyhu/ dw ylvleoh zdyhohqjwkv/ l1h1 ky A 5 hY +953 qp,/
wkh surfhvv dvvrfldwhg zlwk hohfwurq skrwrfrqgxfwlylw| pd| qrw eh qhjohfwhg1 Lq
Uk=EdWlR6 d grsdqw Uk7. lrq lv vxevwlwxwhg iru d Wl7. lrq lq wkh fhqwhu ri wkh
xqlw fhoo1 Uhfhqw vshfwurvfrslf ghwhuplqdwlrqv ri wkh ohyhov lqyroyhg dw 4139 p
looxplqdwlrq dovr lghqwlhg wkh Uk7.2Uk8. ydohqfh vwdwhv dv lq wkh iroorzlqj lrq0
l}dwlrq surfhvv ^:6/ :5/ :7`
Uk
8.






Wklv surfhvv kdv dq lrql}dwlrq ohyho ri 31: hY +41; p, deryh wkh ydohqfh edqg
dqg pd|/ lqghhg/ eh wkh ruljlq ri wkh skrwruhiudfwlyh hhfw dw orqj zdyhohqjwk +A
4 p,1^:6`
616 Edqg Wudqvsruw Prgho
Wkh g|qdplf fkdujh glvwulexwlrq lq pdq| skrwruhiudfwlyh phgld fdq eh ghvfulehg
e| wkh zhoo nqrzq rqh fhqwhu edqg wudqvsruw prgho1^:8` Pruh vrsklvwlfdwhg prg0
hov/ zklfk/ h1j1/ wdnh lqwr dffrxqw pruh fhqwhuv/ kdyh ehhq ghvfulehg lq wkh olwhud0
wxuh1^:9/ ::` Iru ukrglxp grshg fu|vwdov d wkuhh0fkdujh0vwdwh prgho +Uk6./ Uk7./
Uk8., kdv ehhq sursrvhg ^::` dqg h{shulphqwdoo| yhulhg1^:7` Krzhyhu/ lw kdv
ehhq ghprqvwudwhg wkdw d ukrglxp grshg EdWlR6 fu|vwdo lv zhoo ghvfulehg e| wkh
rqh fhqwhu edqg wudqvsruw prgho dv vrrq wkh lqflghqw lqwhqvlw| lv odujh hqrxjk1^:3`
Wkh rqh fhqwhu prgho zloo wkhuhiruh eh suhvhqwhg lq wkh iroorzlqj1
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+u> w,QD  qh+u> w,

> +4<,
zkhuh qh lv wkh fduulhu ghqvlw|/ Hv lv wkh lqwhuqdo hohfwulf hog fuhdwhg e| wkh fkdujh
lpedodqfh +dqg e| wkh h{whuqdo hohfwulf hog/ li vxfk lv dssolhg,/ QG lv wkh ghqvlw|
ri grqruv/ Q.
G
lv wkh ghqvlw| ri lrql}hg grqruv/ QD lv wkh ghqvlw| ri dffhswruv/
h lv wkh hohfwurq fkdujh/ v lv wkh furvv vhfwlrq ri wkh skrwrlrql}dwlrq/ w lv wkh
udwh ri wkhupdo jhqhudwlrq ri fduulhuv/ u lv wkh uhfrpelqdwlrq frqvwdqw/  lv wkh
fduulhu prelolw|/ nE lv Erow}pdqq*v frqvwdqw/ W lv wkh devroxwh whpshudwxuh/
'

lv wkh orz iuhtxhqf| +vwdwlf, glhohfwulf whqvru/ w lv wkh wlph/ L lv wkh lqwhqvlw| ri
wkh hohfwurpdjqhwlf udgldwlrq dqg Msy lv wkh skrwryrowdlf fxuuhqw1 Ixuwkhupruh/
u dqg u duh wkh glyhujhqfh dqg judglhqw rshudwruv1 Lq jhqhudo/ Q
.
G
/ qh dqg Hv/
zklfk duh doo ixqfwlrqv ri vsdfh dqg wlph/ duh wkh xqnqrzqv wr eh irxqg iru nqrzq
looxplqdwlrq L1 D qxphulfdo vroxwlrq ri wkh edqg wudqvsruw prgho zloo eh jlyhq lq
Fkdswhu :1
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61614 Wkh olqhdu hohfwur0rswlf hhfw
Wkh olqhdu hohfwur0rswlf +ru Srfnhov, hhfw lv suhvhqw lq EdWlR61 Wklv hhfw lv
wkh fkdqjh lq uhiudfwlyh lqgh{ ri wkh pdwhuldo fdxvhg e| dq dssolhg hohfwulf hog1
Wkh hhfw lv uhihuuhg wr dv olqhdu vlqfh wkh lqgh{ fkdqjh lv sursruwlrqdo wr wkh
pdjqlwxgh ri wkh dssolhg hohfwulf hog1 Wkh hhfw lv orfdo> wkh lqgh{ fkdqjh dw rqh
srvlwlrq lv sursruwlrqdo wr wkh hohfwulf hog/ l1h1 wkh lqgxfhg vsdfh fkdujh hog/ dw
wklv vdph srvlwlrq1
Lq wkh iroorzlqj lw zloo eh ghwhuplqhg krz odujh dq lqgh{ fkdqjh dq lqgxfhg
vsdfh fkdujh hog zloo jhqhudwh/ dqg krz hohfwurpdjqhwlf udgldwlrq zloo uhvsrqg
wr wklv fkdqjh1 Wkh sursdjdwlrq ri hohfwurpdjqhwlf udgldwlrq lq fu|vwdov fdq eh













%3 lv wkh ydfxxp shuplwwlylw|1 Riwhq lw lv pruh frqyhqlhqw wr ghvfuleh wkh hohfwur0
rswlf hhfw dv d fkdqjh lq wkh lpshuphdelolw| whqvru udwkhu wkdq dv d fkdqjh lq



















zkhuh H lv wkh hohfwulf hog suhvhqw lq wkh fu|vwdo +h1j1 wkh vsdfh fkdujh hog,/ q lv
wkh uhiudfwlyh lqgh{ dvvrfldwhg zlwk wkh srodul}dwlrq vwdwh ri wkh hohfwurpdjqhwlf
zdyh dqg
'
u lv wkh olqhdu hohfwur0rswlf whqvru/ zklfk lv ri udqn 61 Htxdwlrq 53 fdq





zkhuh lm lv wkh lm*wk frpsrqhqw ri 
'
 / ulmn lv wkh lmn*wk frpsrqhqw ri
'
u
dqg Hn lv wkh n*wk hohphqw ri wkh hohfwulf yhfwru hog1 Lw kdv ehhq vkrzq wkdw dq
duelwudu| hohfwulf hog H+u, jhqhudwhv d uhiudfwlyh lqgh{ fkdqjh jlyhq e| ^:</ ;3`





uhiiH +u, > +55,
zkhuh uhii lv wkh hhfwlyh hohfwur0rswlf frh!flhqw dqg q lv wkh uhiudfwlyh lqgh{
dvvrfldwhg zlwk wkh srodul}dwlrq vwdwh ri wkh sursdjdwlqj udgldwlrq1 Wkh hhfwlyh
hohfwur0rswlf frh!flhqw uhii lv d ixqfwlrq ri wkh fu|vwdo rulhqwdwlrq dqg wkh sr0
odul}dwlrq vwdwh1 D odujh lqgh{ prgxodwlrq lq d EdWlR6 fu|vwdo lv dfklhyhg li wkh
srodul}dwlrq ri wkh lqflghqw ehdp lv olqhduo| srodul}hg zlwk wkh srodul}dwlrq lq wkh
f0n sodqh +n lv wkh gluhfwlrq ri sursdjdwlrq,1 Wklv lv nqrzq dv h{wudruglqdu| sr0
odul}dwlrq dqg jlyhv dffhvv wr wkh odujh hohfwur0rswlf frh!flhqw u75 lq wkh EdWlR6
fu|vwdo1 Iru wkh vshfldo fdvh ri wzr0zdyh pl{lqj zlwk h{wudruglqdu| srodul}dwlrq



















u66 +frv +5, . frv +5wzp,,

frv +, >
zkhuh  lv wkh dqjoh ehwzhhq wkh f0d{lv dqg wkh judwlqj yhfwru Nj/ wzp lv wkh kdoi
dqjoh ehwzhhq wkh wzr lqwhuihulqj zdyhv/ dqg wkh hohphqwv ri wkh olqhdu hohfwur0





; p2Y +iru sdudphwhuv/ vhh Dsshqgl{ F,1 Wkh
pdjqlwxgh ri wkh vsdfh fkdujh hog lq EdWlR6 lv rq wkh rughu ri 43 nY2p ^:;/ ;3`/
zklfk dffruglqj wr Ht1 55 |lhogv d pd{lpxp uhiudfwlyh lqgh{ fkdqjh rq wkh rughu
ri q  54361
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61615 Wkh orz iuhtxhqf| glhohfwulf whqvru
Wkhuh duh wzr glhuhqw hohfwulf hogv lq wkh skrwruhiudfwlyh phglxp= +4, wkh hohfwulf
hog fruuhvsrqglqj wr wkh hohfwurpdjqhwlf udgldwlrq/ dqg +5, wkh lqgxfhg vsdfh
fkdujh hog1 Wkh hohfwulf hog ri wkh looxplqdwlrq kdv dq h{wuhpho| kljk iuhtxhqf|
+4348 K},/ zkloh wkh hohfwulf vsdfh fkdujh hog ydulhv zlwk d yhu| orz iuhtxhqf| ru
pd| hyhq eh vwdwlf1 D jlyhq fkdujh glvwulexwlrq zloo jhqhudwh d vsdfh fkdujh hog
dffruglqj wr wkh orz iuhtxhqf| glhohfwulf whqvru/ ghqrwhg
'
 1 Wklv whqvru lv riwhq
uhihuuhg wr dv wkh orz iuhtxhqf| ru wkh vwdwlf glhohfwulf whqvru wr hpskdvl}h wkh
glhuhqfh iurp wkh kljk iuhtxhqf| glhohfwulf whqvru
'
% 1 Frqvlghu d vsdfh fkdujh
hog lq wkh d0f sodqh/ l1h1 wkh judwlqj yhfwru Nj lv dovr lq wkh d0f sodqh1 Wkh
hhfwlyh glhohfwulf frqvwdqw hii ghshqgv rq wkh rulhqwdwlrq ri wkh judwlqj yhfwru





eNj @ %3+d vlq+, . f frv+,,> +56,
zkhuh eNj lv d xqlw yhfwru dorqj Nj/ dqg d dqg f duh wkh whqvru hohphqwv fruuh0
vsrqglqj wr wkh glhohfwulf frqvwdqw dorqj wkh d0d{lv dqg f0d{lv/ uhvshfwlyho|1 Wkh
hhfwlyh glhohfwulf frqvwdqw ydulhv ehwzhhq wkh ydoxh ri f +@ 45<%3 ^98`, dqg wkh
ydoxh ri d +@ 76;3%3 ^98`,1
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7 Rswlfdo Skdvh Frqmxjdwlrq
Wkh frqfhsw ri skdvh frqmxjdwh oljkw zdv iru wkh uvw wlph suhflvho| ghvfulehg e|
wkh Uxvvldq ]ho*grylfk dqg klv froohdjxhv lq wkh hduo| vhyhqwlhv1^;6` Wkh| glvfry0
huhg dq lqwhuhvwlqj skhqrphqrq +wkh glvwruwlrq fruuhfwlrq wkhruhp, wkdw rffxuuhg
lq wkhlu zrun zlwk vwlpxodwhg Euloorxlq vfdwwhulqj lq d FV5 oohg zdyhjxlgh1 Wkh|
sodfhg d ehdp glvwruwlqj hohphqw lq iurqw ri wkh FV5 zdyhjxlgh dqg revhuyhg wkdw/
diwhu uhwxuqlqj edfn wkurxjk wkh glvwruwlqj hohphqw/ wkh edfnvfdwwhuhg oljkw kdg
wkh vdph xqglvwruwhg vsdwldo ehdp suroh dv wkh ruljlqdo ehdp1 Wkh FV5 oohg
zdyhjxlgh zdv d skdvh frqmxjdwh pluuru1 Iljxuhv 46+d, dqg +e, vkrz uh hfwlrq ri
oljkw lq d frqyhqwlrqdo pluuru dqg wkh frqfhsw ri skdvh frqmxjdwh edfnuh hfwlrq
iurp d skdvh frqmxjdwh pluuru +SFP,/ uhvshfwlyho|1 Wkh frqyhqwlrqdo pluuru zloo
uh hfw wkh oljkw lq d gluhfwlrq zklfk lv rssrvlwh wr wkh dqjoh ri lqflghqw/ dv vhhq lq
Ilj1 46+d,1 Pruhryhu/ diwhu uh hfwlrq wkh ehdp pdlqwdlqv d glvwruwhg zdyhiurqw/
zklfk ruljlqdwhv iurp sdvvlqj wkurxjk wkh glvwruwlqj phglxp1 Iru wkh skdvh frq0
mxjdwh pluuru/ krzhyhu/ wkh oljkw lv edfnuh hfwhg wrzdugv wkh oljkw vrxufh1 Wkh
uh hfwhg zdyhiurqw lv lghqwlfdo wr wkh zdyhiurqw ri wkh lqflghqw ehdp/ dv lqglfdwhg
e| wkh gdvkhg olqhv lq Ilj1 46+e,1 Vlqfh wkh zdyhiurqwv duh lghqwlfdo/ wkh skhqrp0
hqrq ri skdvh frqmxjdwlrq lv riwhq uhihuuhg wr dv *wlph* uhyhuvdo > wkh rqo| glhuhqfh
ehwzhhq wkh lqflghqw dqg wkh uh hfwhg ehdpv lv wkdw wkh| sursdjdwh lq rssrvlwh
gluhfwlrqv1 Wkh edfnuh hfwhg oljkw lv uhihuuhg wr dv wkh skdvh frqmxjdwh oljkw1 Dv
wkh skdvh frqmxjdwh ehdp sdvvhv wkh glvwruwlqj phglxp rq lwv zd| edfn wr wkh
oljkw vrxufh/ lwv zdyhiurqw zloo eh fruuhfwhg iru skdvh glvwruwlrqv1 Dv d uhvxow ri
wkh skdvh fruuhfwlrq/ wkh ehdp zloo uhwxuq wr lwv vrxufh dqg/ e| wkh wlph lw uhdfkhv
wkh vrxufh/ lw zloo kdyh wkh vdph zdyhiurqw dv zkhq lw zdv hplwwhg iurp wkh oljkw
vrxufh1 Wklv skhqrphqrq pdnhv skdvh frqmxjdwlrq vxlwdeoh iru skdvh orfnlqj ri/
h1j1/ odvhu glrgh duud|v1 Skdvh fruuhfwlrq lq odvhu uhvrqdwruv/ vxfk dv kljk0hqhuj|
vrolg vwdwh odvhuv/ lv rqh ri wkh dssolfdwlrqv ri skdvh frqmxjdwh oljkw jhqhudwhg e|
vwlpxodwhg Euloorxlq edfnvfdwwhulqj wkdw ryhu wkh |hduv kdv uhfhlyhg d ydvw dprxqw
ri dwwhqwlrq1^;7`
Lq 4<:: irxu0zdyh pl{lqj zdv sursrvhg e| Khoozduwk dv d whfkqltxh iru jhq0
hudwlrq ri skdvh0frqmxjdwh oljkw1^;8` Lq wklv whfkqltxh wzr sxps zdyhv zlwk wkh
vdph iuhtxhqf| $ duh lqmhfwhg iurp rssrvlwh gluhfwlrqv wkurxjk d phglxp zlwk
d wklug0rughu rswlfdo qrqolqhdulw| +Nhuu hhfw,1 D wklug ehdp +sureh, zlwk iuh0
txhqf| $ lv dovr gluhfwhg wrzdugv wkh phglxp dqg/ dv d uhvxow ri wkh qrqolqhdu
lqwhudfwlrq/ wkh skdvh frqmxjdwh ehdp +vljqdo, fruuhvsrqglqj wr wklv ehdp lv jhq0
hudwhg1 Doprvw dw wkh vdph wlph edfn lq 4<:: \duly dqg Shsshu dovr sursrvhg
wkh irxu0zdyh pl{lqj frqjxudwlrq dqg lqwurgxfhg dq dqdo|vlv ri skdvh frqmxjdwh
oljkw e| frxsohg0prgh wkhru|/ zklfk kdv ehhq wkh edvlv iru d juhdw ghdo ri wkh
zrun lq wkh |hduv wr iroorz1^;9`
Skrwruhiudfwlyh phgld vxfk dv E45VlR53 +EVR,/ EdWlR6 dqg Vu4{Ed{Qe5R9
kdyh Nhuu0olnh ehkdylru +lq wkh vhqvh wkdw dq lqwhuihuhqfh sdwwhuq fdq jhqhudwh d
uhiudfwlyh judwlqj, dqg duh vxlwdeoh iru wkh jhqhudwlrq ri skdvh frqmxjdwh oljkw1
Wkh uvw ghprqvwudwlrq ri skdvh frqmxjdwh oljkw iurp d skrwruhiudfwlyh phglxp
jhqhudwhg e| irxu0zdyh pl{lqj zdv lq 4<:< zkhuh d EVR fu|vwdo zdv xvhg1^;:`
Skdvh frqmxjdwh oljkw jhqhudwlrq yld d vhoi0h{flwdwlrq duudqjhphqw zlwk d EdWlR6
fu|vwdo zdv uhsruwhg lq 4<;51^;;` Wklv vfkhph glg qrw uhtxluh wzr h{whuqdo sxps
ehdpv iru wkh irxu0zdyh pl{lqj surfhvv exw zdv vhoi0sxpshg/ l1h1 wkh sxps hqhuj|
iru wkh surfhvv zdv surylghg e| wkh sureh ehdp lwvhoi1 Wkh lghd zdv h{whqghg
e| Ihlqehuj zkr ghprqvwudwhg vhoi0sxpshg irxu0zdyh pl{lqj lq EdWlR6 xvlqj
wrwdo lqwhuqdo uh hfwlrq xsrq wkh fu|vwdo vxuidfhv> wkh surri ri wkh jhqhudwlrq ri
d wuxh skdvh0frqmxjdwh ehdp zlwk wklv frqjxudwlrq zdv grqh zlwk dq lpdjh ri
Ihlqehuj*v fdw/ dqg wkh frqjxudwlrq kdv hyhu vlqfh ehhq uhihuuhg wr dv wkh Fdw
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Iljxuh 461 +d, Uh hfwlrq ri oljkw lq d frqyhqwlrqdo pluuru1 Wkh vrolg olqhv lq0
glfdwh wkh zdyhiurqw ehiruh lqflghqfh1 Wkh gdvkhg olqv lqglfdwh zdyhiurqw diwhu
uh hfwlrq1+e, Uh hfwlrq ri oljkw e| d skdvh frqmxjdwh pluuru1 Wkh skdvh frqmxjdwh
ehdp sursdjdwhv gluhfwo| edfn wr wkh oljkw vrxufh1
frqjxudwlrq1^;4`
Wkh frqfhsw ri skdvh frqmxjdwlrq dqg lwv jhqhudwlrq e| irxu0zdyh pl{lqj lq
skrwruhiudfwlyh phgld duh ghvfulehg lq pruh ghwdlov lq Vhf1 7151
714 Skdvh Frqmxjdwlrq 0 Dqdorj| wr Krorjudsk|
Skdvh frqmxjdwh oljkw fdq eh jhqhudwhg e| irxu0zdyh pl{lqj lq d qrqolqhdu phglxp
wkdw |lhog dq uhiudfwlyh lqgh{ fkdqjh gxh wr looxplqdwlrq1 D skrwruhiudfwlyh edu0
lxp wlwdqdwh fu|vwdo lv vxfk d phglxp1 Lq wklv vhfwlrq wkh edvlf frqfhsw ri wkh
jhqhudwlrq ri skdvh frqmxjdwlrq e| irxu0zdyh pl{lqj lv ghvfulehg1
Wkhuh lv d ixqgdphqwdo uhodwlrqvkls ehwzhhq frqyhqwlrqdo krorjudsk| dqg wkh
irxu0zdyh skdvh frqmxjdwlrq surfhvv1 Wr ghprqvwudwh wklv dqdorj|/ frqvlghu wkh
frqyhqwlrqdo krorjudsklf surfhgxuh looxvwudwhg lq Iljv1 47+d, dqg +e,1 Krorjudsk|
lv glylghg lqwr d uhfruglqj vwhs/ dv vkrzq lq Ilj1 47+d,/ dqg d uhfrqvwuxfwlrq
vwhs/ dv vkrzq lq Ilj1 47+e,1 Lq wkh uhfruglqj vwhs dq remhfw ehdp Hr dqg d
uhihuhqfh ehdp Hz +zulwh zdyh, vlpxowdqhrxvo| looxplqdwh d krorjudp sodwh/ dqg
wkh lqwhuihuhqfh sdwwhuq lv uhfrughg1 Wkh wudqvplwwdqfh +W , ri wkh krorjudp fdq
vlpso| eh ghvfulehg e|













zkhuh wkh hog dpsolwxghv 0 Hr +{> |, dqg Hz +{> |,0 duh wdnhq lq wkh sodqh fr0
lqflghqw zlwk wkh krorjudp +} @ 3,1 Lq wkh uhfrqvwuxfwlrq vwhs wkh krorjudp lv
looxplqdwhg e| d vlqjoh uhihuhqfh ehdp +uhdg zdyh, lpslqjlqj iurp wkh uljkw lq
d gluhfwlrq rssrvlwh wr wkdw ri Hz/ dv vkrzq lq Ilj1 47+e,/ wkdw Hu @ Hz1 Wkh
uhfrqvwuxfwhg hog H
f
+lpdjh, 0 zklfk lv jhqhudwhg e| gludfwlrq lq wkh krorjudp
















































, dqg lv ri qr lqwhuhvw lq wklv glvfxvvlrq1 Iru d wklq krorjudp wkh vhfrqg
whup fruuhvsrqgv wr wkh uvw0rughu gludfwlrq ri wkh Hu +@ Hz, lq wkh krorjudsk|
judwlqj zulwwhq e| Hr dqg Hz1 Wkh sursdjdwlrq gluhfwlrq ri wklv gludfwlrq lv
wrzdugv wkh ohiw exw qrw rssrvlwh wr H
r
1 Li wkh krorjudp zdv wklfn wkh skdvh
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Iljxuh 471 Remhfw uhfruglqj dqg uhfrqvwuxfwlrq lq krorjudsk|1 Wkh uhihuhqfh zdyhv
Hz dqg Hu frxqwhusursdjdwh1 +d, Uhfruglqj vwhs1 +e, Uhfrqvwuxfwlrq vwhs1




,  u` ri wkh vhfrqg whup/ zkhuh l lv wkh lpdjlqdu| xqlw/
u lv wkh vsdwldo frruglqdwh/ dqg nz dqg nr duh wkh zdyh yhfwruv ri wkh zulwlqj
zdyh dqg wkh uhdg zdyh/ uhvshfwlyho|/ zrxog ohdg wr qr udgldwlrq/ vlqfh udgldwlrq
iru wklfn krorjudpv uhtxluhv skdvh pdwfklqj/ l1h1 5nz  nr @ 31 Wkh wklug whup/










zklfk vkrzv wkdw Hf lv sursruwlrqdo wr H

r
dqg/ wkxv/ dw } ? 3 Hf fruuhvsrqgv wr
wkh skdvh frqmxjdwh uhsolfd ri wkh ruljlqdo remhfw hog Hr1 Wkh frqmxjdwh zdyh Hf
sursdjdwhv lq wkh rssrvlwh gluhfwlrq ri Hr/ vlqfh h{s ^lnr  u`

@ h{s ^lnr  u`1
715 Irxu0Zdyh Pl{lqj
Lq irxu0zdyh pl{lqj/ lw lv qrw qhfhvvdu| wr lqwhuuxsw wkh krorjudsklf surfhvv wr
ghyhors wkh krorjudp +li wkh uhfruglqj phglxp/ h1j1/ lv d skrwrjudsklf op,/ wkhuh0
diwhu wr uhsodfh lw lq srvlwlrq lq wkh vhwxs dqg/ qdoo|/ wr uhfrqvwuxfw wkh lpdjh ri
wkh remhfw e| looxplqdwlqj lw e| wkh uhdg zdyh1 Doo ri wkhvh vwhsv rffxu vlpxowdqh0
rxvo|1 Wkh edvlf frqjxudwlrq ri irxu0zdyh pl{lqj lv rewdlqhg li Iljv1 47+d, dqg
47+e, duh vxshulpsrvhg1 Wkh uhvxowlqj jxuh lv vkrzq lq Ilj1 48+d,1 Wkh judwlqjv
duh surgxfhg e| lqwhuihuhqfh ri wkh zulwh ehdp dqg wkh sureh ehdp1 Wkh skdvh
frqmxjdwh ehdp lv jhqhudwhg dv gludfwlrq ri wkh uhdg zdyh lq wklv judwlqj1 Wkh
gdvkhg duurz vkrzq lq wkh jxuh lqglfdwhv wkh gluhfwlrq ri wkh wudqvihu ri hqhuj|
iurp wkh uhdg zdyh wr wkh skdvh frqmxjdwh zdyh1 Lq wklv frqjxudwlrq wkh hqhuj|
wudqvihu lv wkurxjk wkh phglxp dqg wkh judwlqjv duh uhihuuhg wr dv wudqvplvvlrq
judwlqjv1 Wkh uhjlrq zkhuh wkh lqwhudfwlrq ehwzhhq wkh zdyhv wdnhv sodfh dqg wkh
judwlqjv duh iruphg lv uhihuuhg wr dv wkh lqwhudfwlrq uhjlrq1
Vlqfh erwk sxps zdyhv/ l1h1 rqh zulwh zdyh dqg rqh uhdg zdyh/ duh suhvhqw dw doo
wlph/ dqrwkhu vhw ri judwlqjv lq lqwhudfwlrq uhjlrq lv dovr jhqhudwhg +vkrzq lq Ilj1
48+e,,1 Wkh judwlqjv duh surgxfhg e| lqwhuihuhqfh ri wkh zulwh zdyh dqg wkh sureh
zdyh1 Qrwh wkdw wkh zulwh zdyh lq Ilj1 48+e, zdv wkh uhdg zdyh lq Ilj1 48+d,1 Wkh
hqhuj| lv qrw wudqvihuuhg wkurxjk wkh phglxp/ dv zdv wkh fdvh iru wkh wudqvplvvlrq
judwlqjv/ exw wkh hqhuj| lv edfnuh hfwhg lq wkh gluhfwlrq ri wkh skdvh frqmxjdwh
ehdp dqg wkh judwlqjv duh wkhuhiruh uhihuuhg wr dv uh hfwlrq judwlqjv1 Erwk w|shv
ri judwlqj duh suhvhqw vlpxowdqhrxvo|/ exw wkh gludfwlrq h!flhqf| ri wkh wzr vhwv
ri judwlqjv pd| ydu|1 Li wkh zdyhohqjwkv ri wkh sureh ehdp dqg wkh wzr sxps
ehdpv duh wkh vdph/ wkh surfhvv lv nqrzq dv ghjhqhudwh irxu0zdyh pl{lqj1 Li wkh
sureh ehdp kdv d voljkwo| glhuhqw zdyhohqjwk wkdq wkh rqh ri wkh sxps ehdpv/
wkh surfhvv lv fdoohg qrq0ghjhqhudwh irxu0zdyh pl{lqj1
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Iljxuh 481 Irxu0zdyh pl{lqj frqjxudwlrq1 Wkh gdvkhg duurzv vkrz wkh gluhfwlrq
ri hqhuj| wudqvihu wr wkh skdvh frqmxjdwh zdyh1 +d, Skdvh frqmxjdwh vljqdo jhqhu0
dwhg e| gludfwlrq lq wudqvplvvlrq judwlqjv1 +e, Skdvh frqmxjdwh vljqdo jhqhudwhg
e| gludfwlrq lq uh hfwlrq judwlqjv1
716 Irupdwlrq ri 5n0Judwlqjv
Lq pdq| sudfwlfdo frqjxudwlrqv iru jhqhudwlrq ri skdvh frqmxjdwlrq/ d vshfldo
w|sh ri judwlqjv/ uhihuuhg wr dv 5n0judwlqjv/ fdq eh h{flwhg1 Wkhvh judwlqjv duh
uh hfwlrq judwlqjv olnh wkh rqhv vkrzq lq Ilj1 48+e,1 Wkh| ghyhors zkhq wkh sureh
zdyh dqg wkh zulwh zdyh frxqwhusursdjdwh h{dfwo|/ l1h1 nr @ 0nz1 Lq wkdw fdvh d
uh hfwlrq judwlqj zlwk d judwlqj zdyh yhfwru ri Nj @ nr  nz @ 5nr lv surgxfhg1
Pruhryhu/ wkh sureh zdyh dovr uhfrqvwuxfwv wkh krorjudp/ l1h1 wkh hqhuj| wr wkh
skdvh frqmxjdwh zdyh ruljlqdwhv iurp wkh sureh zdyh lwvhoi1 Lq rwkhu zrugv= wkh
skdvh frqmxjdwh ri d sureh ehdp fdq eh jhqhudwhg e| frxqwhusursdjdwlqj d sxps
ehdp zlwk uhvshfw wr wkh sureh ehdp1 Wkh rqo| uhtxluhphqw iru wkh sxps ehdp lv
0 mxvw dv lw lv iru frqyhqwlrqdo irxu0zdyh pl{lqj 0 wkdw lw pxvw eh wkh frqmxjdwh ri
wkh rwkhu sxps ehdp/ l1h1 lq wklv vshfldo fdvh lw pxvw eh wkh frqmxjdwh ri wkh sureh
ehdp1 Wklv frqglwlrq lv ixooohg iru wkh irxu0zdyh pl{lqj frqjxudwlrq vkrzq lq
Iljv1 48+d, dqg +e,1 Dv fdq eh vhhq lq wkh jxuhv/ wkh sureh ehdp dqg lwv skdvh
frqmxjdwh uhsolfd frxqwhusursdjdwh lq wkh qrqolqhdu phglxp/ zklfk phdqv wkdw
5n0judwlqjv zloo dozd|v eh surgxfhg zkhq d irxu0zdyh pl{lqj jhrphwu| lv xvhg iru
wkh jhqhudwlrq ri skdvh frqmxjdwlrq1 Wkh gludfwlrq h!flhqf| ri wkh 5n0judwlqjv/
krzhyhu/ ghshqgv rq sdudphwhuv vxfk dv wkh frkhuhqfh ohqjwkv ri wkh sureh ehdp
dqg wkh sxps ehdpv1 Wklv lvvxh zloo eh glvfxvvhg lq pruh ghwdlov lq Fkdswhu ;1
Skdvh frqmxjdwlrq fdq eh jhqhudwhg e| gludfwlrq lq 5n0judwlqjv rqo|1 Wklv lv
wkh fdvh iru vwlpxodwhg Euloorxlq vfdwwhulqj1 Wkh vdph dssolhv wr d skrwruhiudfwlyh
fu|vwdo= zkhq d odvhu ehdp sdvvhv wkurxjk wkh fu|vwdo/ skrwrq vfdwwhulqj rffxuv
gxh wr gludfwlrq xsrq lpshuihfwlrqv/ ghihfwv/ hwf/ dqg xqghu wkh dssursuldwh
frqglwlrqv wkh edfnzdug vfdwwhuhg oljkw fdq ehfrph dpsolhg1 Vxfk d dpsolfd0
wlrq hyhqwxdoo| ohdgv wr wkh jhqhudwlrq ri 5n0judwlqjv dqg wkh skdvh frqmxjdwh
uhsolfd ri wkh lqflghqw ehdp lv surgxfhg1 Wklv kdyh ehhq ghprqvwudwhg lq edulxp
wlwdqdwh1^;<`
717 Srodul}dwlrq Vwdwh ri Skdvh Frqmxjdwh Oljkw
Vr idu/ wkh glvfxvvlrq ri wkh srodul}dwlrq vwdwh ri wkh hogv kdv ehhq ohiw rxw1 Lq
pdq| vlwxdwlrqv/ krzhyhu/ wkhuh pd| dovr h{lvw xqghvludeoh skdvh vkliwv gxh wr/
h1j1/ dq dqlvrwurslf glvwruwlrq phglxp wkdw fdq ohdg wr srodul}dwlrq glvwruwlrqv1
Wuxh skdvh frqmxjdwlrq/ l1h1 wkh skdvh frqmxjdwh ehdp lv wkh frpsoh{ frqmxjdwh
ri wkh lqflghqw ehdp/ qrw rqo| lqyhuwv wkh zdyh iurqwv ri d jlyhq hog/ exw dovr lwv
srodul}dwlrq vwdwh1 Iru h{dpsoh/ wkh skdvh frqmxjdwh pluuru pxvw uh hfw d uljkw0
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kdqg flufxoduo| srodul}hg zdyh lqwr d uljkw0kdqg flufxoduo| srodul}hg zdyh/ dqg ylfh
yhuvd1 Uhfdoo wkdw d frqyhqwlrqdo pluuru uh hfwv dq lqfrplqj uljkw0kdqg flufxoduo|
srodul}hg zdyh lqwr d ohiw0kdqg flufxoduo| srodul}hg zdyh1 Skdvh frqmxjdwlrq jhq0
hudwhg lq/ h1j1/ skrwruhiudfwlyh fu|vwdov ru e| d vwlpxodwhg Euloorxlq edfnvfdwwhulqj
surfhvv grhv qrw lq jhqhudo frqmxjdwh wkh srodul}dwlrq vwdwh1 Wkh uhdol}dwlrq ri
srodul}dwlrq frqmxjdwlrq sodfhv frqvwudlqwv xsrq wkh srodul}dwlrq vwdwhv ri wkh
ehdpv dqg wkh rulhqwdwlrq ri wkh qrqolqhdu phglxp1^<3` Srodul}dwlrq0suhvhuylqj
skdvh frqmxjdwlrq fdq eh rewdlqhg zlwk d vfkhph zkhuh wkh lqflghqw oljkw lv gh0
frpsrvhg lqwr wzr ruwkrjrqdoo| srodul}hg frpsrqhqwv/ zklfk duh wkhq frqmxjdwhg
vhsdudwho| dqg/ qdoo|/ wkh skdvh frqmxjdwh ehdp lv jhqhudwhg e| vxppdwlrq ri
wkh wzr frqmxjdwhg frpsrqhqwv1^:;` Rqh frqjxudwlrq iru zklfk wuxh skdvh frq0
mxjdwlrq fdq dozd|v eh dfklhyhg lv li wkh lqflghqw ehdp lv olqhduo| srodul}hg/ l1h1
wkh skdvh frqmxjdwh ehdp dovr ehfrphv olqhdo| srodul}hg1 Dv glvfxvvhg lq Vhf1
61614/ wkh prvw h!flhqw jhqhudwlrq ri skdvh frqmxjdwlrq lq skrwruhiudfwlyh edu0
lxp wlwdqdwh grhv lqghhg uhtxluh olqhduo| srodul}hg oljkw dqg/ wkxv/ dwwhqwlrq wr
srodul}dwlrq glvwruwlrq ri wkh skdvh frqmxjdwh oljkw fdq eh ohiw rxw lq wkh iroorzlqj1
718 Pxwxdoo| Sxpshg Skdvh Frqmxjdwlrq
Lq vhoi0sxpshg skdvh frqmxjdwruv/ d vlqjoh lqflghqw odvhu ehdp lv uhvsrqvleoh iru
wkh rvfloodwlrq dqg wkh vxevhtxhqw jhqhudwlrq ri wkh skdvh frqmxjdwh zdyh1 Krz0
hyhu/ ehiruh wklv fodvv ri frqmxjdwruv lv glvfxvvhg +vhh Vhf1 719,/ dqrwkhu fodvv ri
skdvh frqmxjdwruv lq zklfk wzr lqflghqw odvhu ehdpv pxwxdoo| sxps wkh skrwruh0
iudfwlyh phglxp dqg surgxfh skdvh frqmxjdwlrq zloo eh lqwurgxfhg1 Wklv frqj0
xudwlrq lv nqrzq dv wkh grxeoh skdvh frqmxjdwh pluuru ru wkh pxwxdoo| sxpshg
skdvh frqmxjdwru1 ^;` D vfkhpdwlf looxvwudwlrq ri wkh sk|vlfdo duudqjhphqw lv vkrzq
lq Ilj1 49+d,1 Wzr ehdpv looxplqdwh d edulxp wlwdqdwh fu|vwdo iurp rssrvlwh vlghv
zlwk zdyh yhfwruv nd dqg ne/ uhvshfwlyho|1 Wkhvh ehdpv duh uhihuuhg wr dv sxps
ehdpv1 Zlwk uhjdug wr skdvh orfnlqj ri odvhuv/ wklv lv ri prvw lqwhuhvw li wkh wzr
zdyhv ruljlqdwh iurp wzr frpsohwho| lvrodwhg vrxufhv/ vxfk dv lw lv vkrzq lq wkh
jxuh1 Erwk ehdpv vfdwwhu lq doo srvvleoh gluhfwlrqv gxh wr lpshuihfwlrqv ru lp0
sxulwlhv lq wkh fu|vwdo1 Wkh vfdwwhuhg oljkw lqwhuihuhv zlwk lwv fruuhvsrqglqj sxps
ehdp dqg jhqhudwhv judwlqjv1 Iru fhuwdlq gluhfwlrqv wklv vfdwwhuhg oljkw lv dpsol0
hg gxh wr d skhqrphqrq nqrzq dv idqqlqj/ zklfk lv xqltxh wr skrwruhiudfwlyh
phgld1 Wklv dpsolfdwlrq hqkdqfhv wkh surfhvv ri wkh judwlqj irupdwlrq1 Idqqlqj
lv sduwlfxoduo| vwurqj lq fu|vwdov vxfk dv edulxp wlwdqdwh/ vwurqwlxp edulxp qlr0
edwh dqg olwklxp qlredwh1 Wkh ruljlq ri idqqlqj lv dpsolfdwlrq ri vfdwwhuhg oljkw
e| hqhuj| frxsolqj +wzr0zdyh pl{lqj, ehwzhhq wkh vfdwwhuhg oljkw dqg wkh ehdp
iurp zklfk wkh oljkw vfdwwhuv iurp1^:;` H{dpsohv ri wkh qdwxuh ri idqqlqj lq edu0
lxp wlwdqdwh fdq eh irxqg lq Vhf1 :15191 Dw wkh vdph wlph wkh sxps ehdpv dqg
wkh vfdwwhuhg oljkw dovr hudvh judwlqjv wkdw zhuh jhqhudwhg rqo| ihz prphqwv djr/
hwf1 Lq wkh orqj uxq doo wkh judwlqjv zloo eh hudvhg zlwk wkh h{fhswlrq ri wkh rqh
wkdw lv jhqhudwhg e| nd dqg lwv vfdwwhuhg zdyh n
3
d




/ dv vkrzq e| wkh yhfwru gldjudp lq wkh orzhu sduw ri Ilj1 49+d,1 Rqo|
wkh judwlqj wkdw lv pxwxdo ru vkduhg zloo uhpdlq1 Dq dqdo|vlv ri wkh pxwxdoo|
sxpshg skdvh frqmxjdwru uhyhdov wkdw e| phdqv ri gludfwlrq wklv vkduhg judwlqj
0 ru pruh fruuhfw wkh vkduhg judwlqj vwuxfwxuh 0 frqyhuwv wkh ehdp iurp odvhu d
lqwr wkh skdvh frqmxjdwh ri wkh ehdp hplwwhg e| odvhu e1 Dw wkh vdph wlph wkh
judwlqj vwuxfwxuh frqyhuwv wkh ehdp iurp odvhu e lqwr wkh skdvh frqmxjdwh ri wkh
ehdp iurp odvhu d1 Lq rwkhu zrugv= wkh skrwrqv iurp odvhu d duh gludfwhg e| wkh
judwlqj vwuxfwxuh lqwr wkh skdvh frqmxjdwh ehdp ri odvhu e/ dqg ylfh yhuvd1 Wkh
uhvxow lv wkh vlpxowdqhrxvjhqhudwlrq ri wzr skdvh frqmxjdwh ehdpv1 Ixuwkhupruh/
li qr rswlfdo lvrodwruv duh sodfhg lq iurqw ri wkh odvhuv/ wkh gludfwhg skrwrq iurp
ehdp d dqg ehdp e zloo hqwhu wkh fdylw| ri odvhuv d dqg e/ uhvshfwlyho|1 Wkhuhe|
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Iljxuh 491 Pxwxdoo| sxpshg skdvh frqmxjdwru1 +d, mndm @ mnem1 +e, mndm 9@ mnem1
wkh wzr odvhuv duh skdvh orfnhg wr hdfk rwkhu vlqfh wkh| hyhqwxdoo| vkduh wkh vdph
skrwrqv/ dqg ehdpv d dqg e ehfrph frkhuhqw1 Wkh frqmxjdwlrq surfhvv fdq eh
ghvfulehg e| irxu0zdyh pl{lqj1^<4`
Wkh frqyhuvlrq surfhvv lv wuxh skdvh frqmxjdwlrq li wkh zdyhohqjwkv ri wkh wzr
odvhuv duh lghqwlfdo/ l1h1 zkhq mndm @ mnem1 Krzhyhu/ wkh frqyhuvlrq surfhvv zrunv
hyhq zkhq wklv lv qrw wkh vlwxdwlrq/ l1h1 zkhq mndm 9@ mnem1 Wklv vlwxdwlrq lv vkrzq
lq Ilj1 49+e,1 Wkh gluhfwlrqv ri sursdjdwlrq ri wkh ehdpv iurp odvhu d dqg odvhu e
duh wkh vdph dv iru wkh vlwxdwlrq vkrzq lq Ilj1 49+e,1 Krzhyhu/ dv d frqvhtxhqfh
ri mndm 9@ mnem/ wkh rulhqwdwlrq ri wkh vkduhg judwlqj/ N/ lv fkdqjhg zlwk wkh uhvxow






gr qrw frxqwhusursdjdwh zlwk uhvshfw wr n
d
dqg ne/ uhvshfwlyho|1 Wklv fdq eh vhhq iurp wkh yhfwru gldjudp lq wkh orzhu sduw
ri Ilj1 49+e,1 Li wkh glhuhqfh ehwzhhq wkh zdyhohqjwkv lv vx!flhqwo| odujh/ wkh
gludfwhg skrwrqv ruljlqdwlqj iurp odvhu d zloo qrw hqwhu odvhu e/ dqg ylfh yhuvd/
dqg skdvh orfnlqj ehwzhhq wkh wzr odvhuv fdqqrw eh hvwdeolvkhg1 H{shulphqwv kdyh
vkrzq wkdw wkh zdyhohqjwk glhuhqfh pxvw eh ohvv wkdq d iudfwlrq ri d qdqrphwhu
lq rughu wr rewdlq skdvh orfnlqj1^49`
71814 Uhtxluhphqwv iru wkh frkhuhqfh surshuwlhv
Lq jhqhudo/ wkhuh duh qr frqvwudlqwv rq wkh frkhuhqfh surshuwlhv ri wkh lqwhudfwlqj
ehdpv1 Vlqfh wkh wzr ehdpv fdq ruljlqdwh iurp wzr glhuhqw vrxufhv/ wkhuh duh
qr uhtxluhphqwv wr wkh pxwxdo frkhuhqfh1 Qhlwkhu lv wkhuh dq| suhuhtxlvlwh iru
wkh frkhuhqfh ohqjwk ri wkh ehdpv1 Krzhyhu/ vlqfh wkh rshudwlrq ri wkh pxwxdoo|
sxpshg frqmxjdwru wr vrph h{whqw uholhv rq idqqlqj/ wkhuh pd| eh vrph uhtxluh0
phqwv iru wkh vsdwldo frkhuhqfh ri wkh ehdpv1 Wklv lvvxh zloo eh glvfxvvhg lq Vhf1
719171
719 Vhoi0Sxpshg Skdvh Frqmxjdwlrq
Lq vhoi0sxpshg skdvh frqmxjdwlrq wkh hqhuj| ri wkh wzr sxps ehdpv ruljlqdwhv
iurp wkh sureh ehdp lwvhoi1 Hvshfldoo| iru skrwruhiudfwlyh phgld qxphurxv vhoi0
sxpshg frqjxudwlrqv h{lvw1^<5/ <6` Wkhvh frqjxudwlrqv/ krzhyhu/ fdq doo eh
uhjdughg dv dfwlyh ghylfhv wkdw uhwxuq d skdvh frqmxjdwh uhsolfd ri d ehdp wkdw lv
vhqw lqwr wkh ghylfh1 Iurp d sudfwlfdo srlqw ri ylhz vhoi0sxpshg skdvh frqmxjdwruv
duh yhu| dwwudfwlyh vlqfh wkh| gr qrw uhtxluh dq| h{whuqdo sxps vrxufh1
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Iljxuh 4:1 Vfkhpdwlf gldjudp ri wzr vhoi0sxpshg skdvh frqmxjdwruv1 Wkh gdvkhg
duurzv lqglfdwh dq lpsruwdqw gluhfwlrq ri hqhuj| wudqvihu iru wkh rshudwlrq ri wkh
frqmxjdwru1 +d, Ulqj frqjxudwlrq= wkh ehdp lv gluhfwhg edfn wr wkh fu|vwdo e| wzr
h{whuqdo pluuruv1 +e, Lq wklv frqjxudwlrq wkh h{whuqdo pluuruv duh uhsodfhg e| wrwdo
lqwhuqdo uh hfwlrq xsrq wkh vxuidfhv ri wkh fu|vwdo1 Wklv frqjxudwlrq lv nqrzq dv
wkh Fdw frqmxjdwru1
71914 Ulqj Skdvh Frqmxjdwru
Rqh ri wkh prvw vlpsoh vhoi0sxpshg frqjxudwlrq lv wkh ulqj frqjxudwlrq1^<7` D
vfkhpdwlf suhvhqwdwlrq ri wkh ulqj frqjxudwlrq lv jlyhq lq Ilj1 4:+d,1 D iudfwlrq
ri wkh lqflghqw sureh ehdp lv wudqvplwwhg wkurxjk wkh skrwruhiudfwlyh fu|vwdo1
Wklv iudfwlrq lv uhgluhfwhg edfn lqwr wkh fu|vwdo e| wzr h{whuqdo pluuruv dqg fdq
wkhq lqwhuihuh zlwk lwvhoi1 Lq rughu iru wkh ulqj frqjxudwlrq wr vwduw/ krzhyhu/
wkhuh pxvw eh elgluhfwlrqdo sursdjdwlrq lq wkh h{whuqdo fdylw|/ dv lqglfdwhg e|
wkh duurzv lq wkh jxuh1 Wkh sursdjdwlrq lq gluhfwlrq iurp pluuru 5 wr pluuru 4
ruljlqdwhv iurp vfdwwhuhg skrwrqv lq wkh skrwruhiudfwlyh fu|vwdo lq wkh gluhfwlrq ri
pluuru 51
Wklv vfdwwhuhg oljkw lv dpsolhg gxh wr wkh phfkdqlvp ri idqqlqj1 Wkh rshud0
wlrq ri doo vhoi0sxpshg frqjxudwlrqv edvhg rq skrwruhiudfwlyh phgld uhtxluhv d
vx!flhqwo| odujh dprxqw ri vfdwwhuhg oljkw dqg wkh idqqlqj dpsolfdwlrq pdnhv
wkh rshudwlrq ri vhoi0sxpshg frqmxjdwruv srvvleoh1 Lq Ilj1 4:+d, wkh lqwhudfwlrq
uhjlrq zlwk wkh irxu0zdyh pl{lqj surfhvv lv vkrzq1 Wkh gdvkhg duurz lqglfdwhv dq
lpsruwdqw gluhfwlrq iru wkh hqhuj| wudqvihu lq rughu iru wkh frqmxjdwru wr rshudwh1
Wkh skdvh frqmxjdwh uh hfwlylw| lv khuh ghqhg dv wkh udwlr ri wkh srzhu fduulhg
e| wkh skdvh frqmxjdwh ehdp +Ssf, wr wkh srzhu fduulhg e| wkh lqflghqw ehdp
+Slq,/ l1h1 Usf @ Ssf2Slq1 Iru doo vhoi0sxpshg frqjxudwlrqv wkh skdvh frqmxjdwh
uh hfwlylw| lv dozd|v ohvv wkdq xqlw|1
Ehvlghv skrwruhiudfwlyh phgld/ wkh ulqj frqjxudwlrq kdv dovr ehhq ghprqwudwhg
lq d vhplfrqgxfwru pdwhuldo +LqS=Ih,1^<8`
71915 Fdw Skdvh Frqmxjdwru
Dpxfk pruh frpsdfw skdvh frqmxjdwru lv wkh Fdw frqmxjdwru ^;4`/ zklfk lv vkrzq
lq Ilj1 4:+e,1 Wkh h{whuqdo pluuruv kdyh ehhq uhsodfhg zlwk lqwhuqdo uh hfwlrqv
xsrq wkh vxuidfh ri wkh fu|vwdo1 Wkh sulqflsoh ri rshudwlrq ri wkh Fdw frqmxjdwru
fdq eh h{sodlqhg e| wkh suhvhqfh ri wzr lqwhudfwlrq uhjlrqv lqvlgh wkh fu|vwdo/
dv vkrzq lq Ilj1 4:+e,1^<9` Wkhvh wzr lqwhudfwlrq uhjlrqv 0 lq zklfk irxu0zdyh
pl{lqj wdnhv sodfh 0 duh frxsohg zlwk dq lqwhuqdo ehdp wkdw xqghujrhv uh hfwlrqv
r wkh fu|vwdo vxuidfhv1 Wkh ehdp wkdw uh hfwv r wkh vxuidfhv lv uhihuuhg wr dv
wkh lqwhuqdo ehdp/ dqg wkh sdwk lw pdnhv lv uhihuuhg wr dv wkh lqwhuqdo orrs1 Rwkhu
lqyhvwljdwlrqv kdyh uhyhdohg wkdw wkh irxu0zdyh pl{lqj pd| qrw eh olplwhg wr wkhvh
wzr uhjlrqv exw/ lqvwhdg/ wdnhv sodfh lq d uhjlrq wkdw lv vphduhg rxw fryhulqj d
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pxfk odujhu duhd lqfoxglqj wkh duhd zlwk wkh lqwhuqdo orrs1^<:` Lq dgglwlrq wr
EdWlR6/ wkh Fdw frqjxudwlrq kdv ehhq ghprqvwudwhg zlwk VEQ ^<;`/ NQVEQ
^<<`/ NQeR6 ^433` dqg NWQ ^434`1
71916 Uhtxluhphqwv iru wkh Vshfwudo Frkhuhqfh
Lq frqqhfwlrq zlwk wkh rshudwlrq ri d Fdw frqmxjdwru zlwk wkh looxplqdwlrq iurp
d vrxufh zlwk olplwhg frkhuhqfh/ lw lv ri juhdw lpsruwdqfh wr nqrz zkhwkhu wkh
exlog0xs ri wkh judwlqj vwuxfwxuh lq wkh fu|vwdo uhtxluhv vrph plqlpxp frkhuhqfh1
Wklv lvvxh zlwk uhjdug wr wkh vshfwudo frkhuhqfh zloo eh glvfxvvhg ehorz1
Rqh frxog dujxh wkdw wkh rshudwlrq ri wkh Fdw frqmxjdwru uhtxluhv d plqlpxp
frkhuhqfh ohqjwk ri wkh lqflghqw ehdp vlqfh wklv ehdp pxvw eh frkhuhqw zlwk wkh
lqwhuqdo ehdp 0 zklfk kdv wudyhohg d orqjhu zd| lq wkh fu|vwdo 0 lq rughu wr eh deoh
wr lqwhuihuh dqg/ vxevhtxhqwo|/ wr surgxfh judwlqjv lq wkh wzr lqwhudfwlrq uhjlrqv1
Krzhyhu/ wkh wzr lqwhudfwlrq uhjlrqv fdq eh uhjdughg dv wzr pxwxdoo| sxpshg
skdvh frqmxjdwruv ^<`/ wkdw duh frqqhfwhg zlwk wkh lqwhuqdo ehdp1 Li wklv lv wkh
fdvh/ wkh lqwhuqdo ehdp dqg wkh lqflghqw ehdp gr qrw kdyh wr eh pxwxdoo| frkhu0
hqw lq rughu wr ghyhors wkh irxu0zdyh pl{lqj surfhvv lq wkh wzr lqwhudfwlrq uhjlrqv
+dv h{sodlqhg iru wkh pxwxdoo| sxpshg skdvh frqmxjdwru,1 Wkh rshudwlrq ri d Fdw
jhrphwu| lq d edulxp wlwdqdwh fu|vwdo kdv ehhq ghprqvwudwhg zlwk d odvhu vrxufh
wkdw kdg d frkhuhqfh ohqjwk ri dssur{lpdwho| 53 p1^435` Wklv ghprqvwudwlrq
fohduo| vkrzv wkdw wkhuh pd| qrw eh d suhuhtxlvlwh iru frkhuhqfh ohqjwk lq rughu
iru wkh Fdw frqmxjdwru wr rshudwh/ vlqfh 53 p lv pdq| wlphv ohvv wkdq wkh w|slfdo
ohqjwk ri wkh lqwhuqdo orrs ri d Fdw jhrphwu|/ zklfk lv rq wkh rughu ri ploolph0
whuv1 Wkh lvvxh derxw wkh lq xhqfh ri wkh frkhuhqfh ohqjwk rq wkh rshudwlrq dqg
fkdudfwhulvwlfv ri d Fdw frqmxjdwru zloo eh glvfxvvhg lq pruh ghwdlov lq Fkdswhu ;1
71917 Uhtxluhphqwv iru wkh Vsdwldo Frkhuhqfh
Lq wkh iroorzlqj zh lqyhvwljdwh zkhwkhu wkh Fdw frqmxjdwru uhtxluhv d plqlpxp
ri vsdwldo frkhuhqfh lq rughu wr rshudwh1 H{shulphqwdo uhvxowv zloo eh suhvhqwhg1
Vlqfh wkh rshudwlrq ri wkh vhoi0sxpshg Fdw frqjxudwlrq qhfhvvlwdwhv d vxi0
flhqwo| odujh dprxqw ri idqqlqj/ wkhuh duh vrph uhtxluhphqwv iru wkh vsdwldo
frkhuhqfh ri wkh ehdp1 Li wkh vsdwldo frkhuhqfh lv kljk/ wkhuh zloo d odujh dprxqw
ri idqqlqj dqg wkh Fdw frqmxjdwru fdq exlog xs wkh uhtxluhg judwlqj vwuxfwxuh1
Li wkh vsdwldo frkhuhqfh lv orz/ krzhyhu/ wkh idqqlqj zloo eh orz dqg pd| eh lq0
vx!flhqw iru wkh exlog0xs ri wkh qh{hvvdu| judwlqj vwuxfwxuh1 Wkh lq xhqfh ri wkh
vsdwldo frkhuhqfh rq wkh dprxqw ri idqqlqj fdq eh xqghuvwrrg dv iroorzv1 Frqvlghu
oljkw vfdwwhuhg iurp d vwurqj sxps ehdp lqvlgh d skrwruhiudfwlyh fu|vwdo= iru d
vsdwldoo| frkhuhqw sxps ehdp wkh vfdwwhuhg oljkw frxsohv dfurvv wkh hqwluh zlgwk
ri wkh sxps ehdp> krzhyhu/ iru d vsdwldoo| lqfrkhuhqw sxps ehdp wkh vfdwwhuhg
oljkw ehfrphv lqfrkhuhqw zlwk wkh vwurqj sxps ehdp lwvhoi hyhq diwhu rqo| d vkruw
glvwdqfh ri sursdjdwlrq dfurvv wkh sxps ehdp/ dqg wkhuh lv yhu| olwwoh frxsolqj1
Dv d odvhu glrgh duud| kdv d orz dqg d kljk frkhuhqfh d{lv +vhh Vhf1 51815,/ wklv
lvvxh lv ri juhdw lpsruwdqfh zkhq dq duud| lv frxsohg wr d Fdw frqmxjdwru1 Wkh
idqqlqj fdq eh lqfuhdvhg e| doljqlqj wkh kljk frkhuhqfh d{lv lq vxfk d zd| wkdw
lw lv lq wkh d0f sodqh ri wkh edulxp wlwdqdwh fu|vwdo1 Pruhryhu/ wkh srodul}dwlrq
ri wkh oljkw pxvw dovr eh lq wkh d0f sodqh ri wkh fu|vwdo +vhh Vhf1 61614,1 Wklv fdq
eh dffrpsolvkhg e| wkh frqjxudwlrq wkdw lv vfkhpdwlfdoo| vkrzq lq Ilj1 4;1 Wkh
srodul}dwlrq lv urwdwhg e| d kdoi0zdyh sodwh zkhuhe| erwk wkh kljk frkhuhqfh d{lv
dqg wkh srodul}dwlrq duh lq wkh d0f sodqh ri wkh fu|vwdo1
Iljxuhv 4<+d, dqg +e, vkrz lpdjhv ri wkh ehdp surgxfwlrq ri d odvhu ehdp lq
d Fdw frqmxjdwru lq d edulxp wlwdqdwh fu|vwdo1 Lq Ilj1 4<+d, wkh ehdp lv iurp d
vlqjoh0prgh odvhu +vhh Dsshqgl{ D iru vshflfdwlrqv, dqg lq Ilj1 4<+e, wkh ehdp
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Iljxuh 4;1 Odvhu glrgh duud| frxsohg wr d vhoi0sxpshg Fdw frqmxjdwru iruphg lq d
edulxp wlwdqdwh fu|vwdo1 Wkh kljk frkhuhqfh d{lv ri wkh duud| lv doljqhg zlwk wkh d0f
sodqh ri wkh fu|vwdo1 D kdoi0zdyh sodwh urwdwhv wkh srodul}dwlrq1 Rqh ohqv froolpdwhv
wkh rxwsxw ri wkh duud| dqg dqrwkhu ohqv irfxvhv wkh ehdp lqwr wkh fu|vwdo1
lv iurp d odvhu glrgh duud| +duud| L, zlwk wkh frqjxudwlrq vkrzq lq Ilj1 4; +iru
ghwdlov derxw wkh h{shulphqwdo vhwxs/ vhh Vhf1 914 dqg Dsshqgl{ D,1 Lq erwk lpdjhv
wkh lqwhuqdo uh hfwlrqv duh fohduo| vhhq lq wkh orzhu uljkw fruqhu1 Dv fdq eh vhhq lq
wkh jxuhv/ wkh ehdp zlgwk iru wkh fdvh zlwk wkh odvhu glrgh duud| lv pxfk odujhu
wkdq wkdw ri wkh vlqjoh0prgh odvhu1
+d, +e,
Iljxuh 4<1 Lpdjh ri wkh ehdp surgxfwlrq lq d 78 fxw ukrglxp grshg edulxp wl0
wdqdwh fu|vwdo +Eoxh LL/ vhh Dss1 F,1 Wkh f0d{lv srlqwv grzqzdugv1 Wkh ehdp
hqwhuv plgzd| dorqj wkh ohiw0kdqg vxuidfh ri wkh fu|vwdo1 +d, Wkh ehdp lv iurp d
433 pZ vlqjoh0prgh odvhu glrgh C ;49 qp1 Wkh dqjoh ri lqflghqfh lv 85/ wkh
lqflghqw srzhu lv 68 pZ dqg Usf  73(1 +e, Wkh ehdp lv iurp d 833 pZ odvhu
glrgh duud| C ;44 qp +duud| L 0 vhh Dss1 D,1 Wkh dqjoh ri lqflghqfh lv 87/ wkh
lqflghqw srzhu lv dssur{1 533 pZ dqg Usf  43(1 Wkh uhfruglqj kdv ehhq wdnhq
iurp wkh phdvxuhphqwv suhvhqwhg lq Vhf1 9141
Iurp wkh h{shulphqwv zlwk wkh odvhu glrgh duud| lw zdv hvwdeolvkhg wkdw hyhq
zkhq wkh kljk frkhuhqfh d{lv lv doljqhg lq wkh d0f sodqh/ wkh rshudwlrq ri wkh Fdw
frqmxjdwru zlwk dq duud| uhtxluhg d plqlpxp ehdp zlgwk1 Iljxuh 53 vkrzv wkh
skdvh frqmxjdwh uh hfwlylw| ri wkh Fdw frqmxjdwru zkhq lw zdv looxplqdwhg zlwk
wkh udgldwlrq iurp dq duud| dv d ixqfwlrq ri wkh ehdp zlgwk lqvlgh wkh fu|vwdo1
Wkh h{shulphqwdo vhwxs lv vkrzq lq Ilj1 4;1 Lw lv vhhq wkdw li wkh krul}rqwdo ehdp
zlgwk lv ohvv wkdq dssur{lpdwho| 4 pp/ qr uh hfwlylw| frxog eh rewdlqhg/ l1h1 wkh
judwlqj vwuxfwxuh lq wkh Fdw frqmxjdwru frxog qrw exlog xs1 Pruhryhu/ li wkh ehdp
zlgwk ehfrphv wrr odujh +dssur{1 5 pp,/ lw zrxog qrw w lqwr wkh fu|vwdo dqg wkh
frqmxjdwru frxog qrw exlog xs hlwkhu1 Wkh kljkhvw uh hfwlylw| zdv rewdlqhg zlwk d
ehdp zlgwk ri 418 pp1 Wkh uhgxfwlrq lq wkh uh hfwlylw| dv wkh zlgwk lv lqfuhdvhg
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wrzdugv 5 pp lv suredeo| gxh wr vfdwwhulqj dw wkh fu|vwdo hgjhv wkdw hudvhv wkh
judwlqj vwuxfwxuh1



























Horizontal beam width [mm]
2 1 0 -1
Vertical beam height [mm]
Iljxuh 531 Wkh skdvh frqmxjdwh uh hfwlylw| iurp d Fdw frqmxjdwru lq d 78 fxw
EdWlR6 fu|vwdo +Eoxh LL, dv d ixqfwlrq ri wkh krul}rqwdo +l1h1 lq wkh d0f sodqh, ehdp
zlgwk +ixoo zlgwk dw 42h5, phdvxuhg lqvlgh wkh fu|vwdo1 Wkh fu|vwdo lv looxplqdwhg
zlwk 453 pZ iurp d odvhu glrgh duud| +duud| L,1 Wkh dqjoh ri lqflghqfh lv 871
Wkh vhwxs lv vkrzq lq Ilj1 4;1 Wkh irfxvlqj ohqv kdg d irfdo ohqjwk ri 433 pp1 Wkh
glhuhqw ehdp zlgwkv duh rewdlqhg e| wudqvodwlqj wkh fu|vwdo wrzdugv wkh irfxvlqj
ohqv1 Wkh wrs d{lv vkrzv wkh fruuhvsrqglqj yhuwlfdo ehdp khljkw1
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8 Ehkdylru ri Odvhuv H{srvhg wr
Rswlfdo Ihhgedfn
Lq wklv fkdswhu vrph ixqgdphqwdo surshuwlhv ri odvhuv h{srvhg wr frqyhqwlrqdo dqg
skdvh frqmxjdwh rswlfdo ihhgedfn duh uhylhzhg1 Pruhryhu/ surshuwlhv ri lqmhfwlrq
orfnhg odvhu duud|v duh glvfxvvhg/ wkh frqfhsw ri r0d{lv vhoi0lqmhfwlrq orfnlqj lv
lqwurgxfhg/ dqg h{shulphqwdo uhvxowv duh suhvhqwhg1 Rq wkh qh{w sdjh d ghvfulswlrq
ri wkh vwuxfwxuh ri wklv fkdswhu lv jlyhq1
Wkh whup rswlfdo ihhgedfn uhihuv wr wkh surfhvv zkhuh d iudfwlrq ri wkh rxwsxw
hqhuj| uhwxuqv wr wkh dfwlyh uhjlrq ri wkh odvhu vwuxfwxuh e| phdqv ri uh hfwlrq/
gludfwlrq/ vfdwwhulqj/ hwf1 Iljxuh 54 vkrzv d vfkhpdwlf gldjudp ri wkh odvhu v|vwhp
frqvlghuhg khuh1 Wkh h{whuqdo uh hfwru/ zklfk iru h{dpsoh fdq eh d frqyhqwlrqdo
pluuru/ d gludfwlrq judwlqj/ d skdvh frqmxjdwh pluuru/ wkh hqg ri dq rswlfdo ehu/
ru dq| vxuidfh/ uhwxuqv d iudfwlrq ri wkh odvhu udgldwlrq wr wkh dfwlyh uhjlrq ri
wkh odvhu vwuxfwxuh1 Wklv rswlfdo ihhgedfn wkhq lq xhqfhv wkh hog dqg fduulhu
glvwulexwlrq lq wkh odvhu fdxvlqj lw wr fkdqjh ehkdylru1
Iljxuh 541 Vfkhpdwlf gldjudp ri wkh h{whuqdo fdylw| odvhu1 Wkh h{whuqdo uh hfwru
uhwxuqv d iudfwlrq ri wkh hplwwhg odvhu srzhu wr wkh dfwlyh uhjlrq ri wkh odvhu +rswlfdo
ihhgedfn,1 Wkh sdudphwhuv Uhqg/ Urxw/ dqg Uh{w duh wkh lqwhqvlw| uh hfwlylw| ri wkh
hqg idfhw/ wkh rxwsxw idfhw/ dqg wkh h{whuqdo uh hfwru/ uhvshfwlyho|1
Iru wkh fdvh ri odvhu glrgh duud|v +dqg eurdg0duhd odvhuv, lw lv qhfhvvdu| wr glvwlq0
jxlvk ehwzhhq wzr glhuhqw h{whuqdo fdylw| frqjxudwlrqv1 Wkh wzr frqjxudwlrqv
duh uhihuuhg wr dv=
 Wkh rq0d{lv h{whuqdo fdylw|
 Wkh r0d{lv h{whuqdo fdylw|
Lq wkh rq0d{lv frqjxudwlrq doo wkh idu0hog udgldwlrq lv froohfwhg dqg gluhfwhg
wrzdugv wkh h{whuqdo uh hfwru wkdw uhwxuqv d iudfwlrq ri wkh lqflghqw hqhuj|1 Lq wkh
r0d{lv frqjxudwlrq/ krzhyhu/ rqo| d sduw ri wkh wzlq0oreh idu0hog +iru h{dpsoh
rqo| wkh srvlwlyh oreh, lv gluhfwhg wrzdugv wkh h{whuqdo uh hfwru wkdw uhwxuqv d
iudfwlrq ri wkh hqhuj| frqwdlqhg lq wkdw oreh1 Wkh ehkdylru ri wkh odvhu v|vwhp lv
frpsohwho| glhuhqw iru wkh wzr frqjxudwlrqv1 Wkh rq0d{lv frqjxudwlrq pd| eh
uhjdughg dv d frxsohg fdylw| vfkhph vlqfh wkh frxsolqj ehwzhhq wkh odvhu dqg wkh
h{whuqdo uh hfwru ehfrphv pxfk vwurqjhu dv frpsduhg zlwk wkh r0d{lv ihhgedfn
vfkhph1 Qrwh wkdw d ixqgdphqwdo0prgh odvhu +vlqjoh vsdwldo prgh,/ zklfk pd|
kdyh qxphurxv orqjlwxglqdo prghv/ fdq rqo| eh rshudwhg lq wkh rq0d{lv frqj0
xudwlrq vlqfh d vsolw xs ri lwv idu0hog zloo qrw fkdqjh wkh ehkdylru ri wkh odvhu
vxevwdqwldoo|1 Zkhq d odvhu glrgh duud| lv rshudwhg lq wkh rq0d{lv frqjxudwlrq/
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wkh idu0hog sdwwhuq fdqqrw eh qduurzhg grzq dqg ehfrph doprvw gludfwlrq olp0
lwhg1 Krzhyhu/ wkh vshfwudo surshuwlhv pd| eh lpsuryhg vljqlfdqwo|1
Lq Ilj1 54 wkh lqwhqvlw| uh hfwlylw| ri wkh hqg idfhw/ wkh rxwsxw idfhw/ dqg wkh h{0
whuqdo uh hfwru lv odehohg U
hqg/ Urxw/ dqg Uh{w/ uhvshfwlyho|1 Wkh glvwdqfh ehwzhhq
wkh odvhu dqg wkh h{whuqdo uh hfwru lv ghqrwhg Oh{w1 Wkhuh lv rqh sdudphwhu zklfk
lv riwhq xvhg wr fkdudfwhul}h wkh vwuhqjwk ri wkh ihhgedfn1 Wklv lv wkh ihhgedfn






zklfk lv lqghshqghqw ri wkh h{whuqdo0fdylw| urxqg0wuls wlph 
h{w +@ 5Oh{w2f,1
Wkh vwuxfwxuh ri wklv fkdswhu lv dv iroorzv= lq Vhf1 814 wkh fkdudfwhulvwlfv ri wkh
rq0d{lv frqjxudwlrq zlwk frqyhqwlrqdo ihhgedfn duh glvfxvvhg1 Wkh glvfxvvlrq lq0
foxghv suhylrxv zrun rq odvhu glrgh duud|v/ h{whuqdo fdylw| prghv/ dv zhho dv d
skhqrphqrorjlfdo fodvvlfdwlrq ri glhuhqw ihhgedfn uhjlphv dqg wkhlu fkdudfwhulv0
wlfv1 Vhfwlrq 815 lqwurgxfhv skdvh frqmxjdwh ihhgedfn dqg jlyhv d ghvfulswlrq ri wkh
hhfw ri wkh uhvsrqvh wlph ri skdvh frqmxjdwruv/ wkh xqltxh fkdudfwhulvwlfv ri wkh
skdvh ghod| lq wkh h{whuqdo fdylw|/ dqg d skhqrphqrorjlfdo fodvvlfdwlrq ri glhu0
hqw ihhgedfn uhjlphv dqg wkhlu fkdudfwhulvwlfv1 Pruhryhu/ wkh frqfhsw ri frxsolqj
wzr lqfrkhuhqw odvhu vrxufhv wkurxjk d Fdw frqmxjdwru jhrphwu| lv suhvhqwhg1 Lq
Vhf1 816 zh jlyh dq lqwurgxfwlrq wr frqyhqwlrqdo lqmhfwlrq orfnlqj/ dqg wkh frqfhsw
ri r0d{lv vhoi0lqmhfwlrq orfnlqj1 Lq Vhf1 817 zh ghvfuleh krz prgh glvfulplqdwlrq
lq dq h{whuqdo fdylw| fdq eh dssolhg wr odvhu glrgh duud|v1 Ilqdoo|/ lq Vhf1 818 zh
suhvhqw h{shulphqwdo uhvxowv ri r0d{lv vhoi0lqmhfwlrq orfnlqj ri d odvhu glrgh duud|
xvlqj frqyhqwlrqdo ihhgedfn iurp d pluuru dqg d gludfwlrq judwlqj1
814 Rq0D{lv Frqjxudwlrq zlwk Frqyhqwlrqdo Ihhg0
edfn
Ixqgdphqwdo vwxglhv kdyh vkrzq wkdw wkh xowlpdwh olqh zlgwk uhgxfwlrq ri wkh
prghv wkdw rvfloodwh lq d glrgh odvhu lv sursruwlrqdo wr ~+srzhu uh hfwhg edfn
lqwr wkh odvhu fdylw|,+ohqjwk ri h{whuqdo fdylw|,541^436` Wklv lqglfdwhv wkdw d
vljqlfdqw olqh zlgwk uhgxfwlrq lv srvvleoh li hlwkhu d orqj fdylw| ru d kljk ihhgedfn
ohyho lv xvhg1 Wklv lv frqvlvwhqw zlwk wkh h{suhvvlrq iru wkh ixqgdphqwdo olqh zlgwk









zkhuh v lv wkh vsrqwdqhrxv hplvvlrq udwh lqwr wkh odvlqj prgh/ S lv wkh qxpehu
ri skrwrqv frqwdlqhg zlwklq wkh odvlqj prgh/ dqg 
f
lv wkh dqwljxlglqj sdudphwhu
+ru wkh idfwru iru wkh fduulhu0lqgxfhg lqgh{ fkdqjh, jlyhq e| Ht1 41 Wkh olqh zlgwk
lv uhgxfhg zlwk d orqjhu h{whuqdo fdylw| ru zlwk kljkhu uh hfwlylw| ri wkh h{whuqdo
uh hfwru/ erwk ri zklfk jlyh ulvh wr dq lqfuhdvh lq wkh skrwrq qxpehu lq wkh odvlqj
prgh1 Wkh olqh zlgwk uhgxfwlrq sursruwlrqdolw| vwdwhg deryh lv ydolg rqo| iru orz
ihhgedfn ohyhov +? 314(,1 Dw kljkhu ihhgedfn glhuhqw lqvwdelolwlhv wkdw ohdg wr
eurdghqlqj/ lqfuhdvhg lqwhqvlw| qrlvh/ hwf1 pd| rffxu +zloo eh glvfxvvhg lq Vhf1
81417,1 Wklv phdqv wkdw zlwk d orz ihhgedfn ohyho lw lv srvvleoh wr dfklhyh d olqh
zlgwk uhgxfwlrq ri hdfk ri wkh rvfloodwlqj prghv ri d pxowlprgh odvhu glrgh +vxfk
dv d odvhu glrgh duud|,/ exw wkh uhgxfwlrq grhv qrw hqkdqfh wkh frkhuhqfh ohqjwk ri
wkh odvhu glrgh1 Krzhyhu/ li wkh ihhgedfn uhgxfhv wkh qxpehu ri rvfloodwlqj prghv/
zklfk fdxvhv wkh edqgzlgwk ri wkh vshfwuxp wr eh qduurzhg grzq/ wkh frkhuhqfh
ohqjwk lv lqfuhdvhg1 Rqo| li wkh vshfwuxp lv uhgxfhg e| wkh ihhgedfn wr d vlqjoh
orqjlwxglqdo prgh/ wkh olqh zlgwk uhgxfwlrq zloo ohdg wr d orqjhu frkhuhqfh ohqjwk1
83 UlvûU436;+HQ,
Xqiruwxqdwho|/ orz ihhgedfn ohyhov duh riwhq qrw vx!flhqwo| wr irufh d pxowlprgh
odvhu glrgh duud| wr rvfloodwh dw rqh vlqjoh prgh1 Wkh olqh zlgwk uhgxfwlrq +ru
eurdghqlqj, lv wkhuhiruh lq jhqhudo riwhq rqo| ri lqwhuhvw iru vlqjoh0prgh odvhuv
dqg vxfk odvhuv kdyh ryhu wkh wlph uhfhlyhg d ydvw dprxqw ri dwwhqwlrq vlqfh/ h1j1/
orz ihhgedfn uh hfwlrqv iurp rswlfdo ehuv lq frqqhfwlrq zlwk whohfrppxqlfdwlrq
fdq uhgxfh wkh odvhu shuirupdqfh1^438/ 439/ 43:` Pruhryhu/ ihhgedfn fdq dovr eh
xvhg wr dftxluh frqwuro ryhu wkh rvfloodwlqj zdyhohqjwk> d zlgho| wxqdeoh vrxufh
+A 93 qp, xvlqj judwlqj ihhgedfn dqg d ixqgdphqwdo0prgh glrgh odvhu kdv ehhq
ghprqvwudwhg1^43;`
81414 Suhylrxv Zrun zlwk Odvhu Glrgh Duud|v
E| dsso|lqj wkh ihhgedfn wr doo ri wkh udgldwlrq/ l1h1 wkh rq0d{lv frqjxudwlrq/
wkh frkhuhqfh ohqjwk ri d odvhu glrgh duud| kdv ehhq lpsuryhg vljqlfdqwo|1^43<`
Wkh ihhgedfn zdv jhqhudwhg e| dsso|lqj d uh hfwlrq frdwlqj wr wkh froolpdwlqj
remhfwlyh wkdw zdv sodfhg lq iurqw ri wkh duud|1 Wkh frdwlqj pdgh wkh remhfwlyh
rqo| sduwo| wudqvplwwlqj dqg fdxvhg edfnuh hfwlrq +43(, lqwr wkh odvhu duud|1 Lq
dqrwkhu dqg vlplodu vfkhph wkh pxowlsoh orqjlwxglqdo prgh rxwsxw ri d odvhu duud|
kdv ehhq frqyhuwhg lqwr d vlqjoh prgh e| h{whuqdo ihhgedfn iurp dq hwdorq1^443`
Wkh hwdorq lv sodfhg forvh wr wkh rxwsxw idfhw ri wkh duud| dqg d frxsohg fdylw| lv
iruphg1 Wkh idu0hog sdwwhuq lv qrw hqkdqfhg lq dq| zd| e| wkh ihhgedfn1
D yduldwlrq ri frqyhqwlrqdo ihhgedfn iurp d pluuru kdv ehhq ghprqvwudwhg xv0
lqj plfurohqvhv dqg gludfwlyh frxsolqj wr lqgxfh pxwxdo frkhuhqfh dprqj wkh
odvhu hohphqwv ri d odvhu duud| wr surgxfh d vlqjoh0orehg idu0hog sdwwhuq1^444`
Wkhuh kdyh ehhq rwkhu ghprqvwudwlrqv ri wklv whfkqltxh zkhuh wkh plfurohqvhv
kdyh ehhq uhsodfhg zlwk d vsdwldo owhu wkdw lv sodfhg ehwzhhq wkh odvhu duud| dqg
d pluuru1^445`
Lpsuryhphqw fdq dovr eh rewdlqhg xvlqj d gludfwlrq judwlqj dv h{whuqdo uh hf0
wru1 Wkh ihhgedfn wr wkh odvhu duud| lv jhqhudwhg zlwk wkh judwlqj prxqwhg dv lq
d vwdqgdug Olwwurz frqjxudwlrq +wkh oljkw lv gludfwhg gluhfwo| edfn wrzdugv wkh
vrxufh,1^446` Wkh iuhtxhqf| vhohfwlyh ihhgedfn kdv d kxjh lpsdfw rq wkh vshfwudo
txdolw| dqg vlqjoh0prgh rshudwlrq ri d odvhu duud| kdv ehhq ghprqvwudwhg1^447/
448` Ihhgedfn iurp d gludfwlrq judwlqj wkdw lv prqrolwklfdoo| lqwhjudwhg zlwk
wkh odvhu duud| kdv dovr ehhq uhsruwhg ^449` dqg zlwk vxfk d ghvljq/ vljqlfdqw
lpsuryhphqw ri hvshfldoo| wkh vshfwudo surshuwlhv zdv ghprqvwudwhg1
81415 Olqh zlgwk Qduurzlqj dqg Eurdghqlqj
Wkh sdshu e| Odqj dqg Nred|dvkl sxeolvkhg lq 4<;3 ^44:` lv jhqhudoo| frqvlghuhg
wr eh wkh edvlf rqh wkdw lqlwldwhg wkh uhvhdufk rq vhplfrqgxfwru odvhu g|qdplfv1
Wkh uhohydqw sdudphwhuv lq fdvh ri frqyhqwlrqdo h{whuqdo rswlfdo ihhgedfn duh=
 Ohqjwk ri h{whuqdo fdylw| +ghod| wlph,1
 Ihhgedfn srzhu ohyho/ l1h1 wkh udwlr ri wkh srzhu uh hfwhg iurp wkh h{whuqdo
uh hfwru wr wkh srzhu uh hfwhg iurp wkh rxwsxw idfhw ri wkh glrgh odvhu +x,1
 Ihhgedfn skdvh/ ghwhuplqhg e| wkh qxpehu ri rswlfdo zdyhohqjwkv lq wkh
h{whuqdo fdylw|1 Wkh skdvh fkdqjhv ryhu 5 e| ydu|lqj wkh h{whuqdo fdylw|
ohqjwk ryhu kdoi d zdyhohqjwk1
Dv oljkw lv hplwwhg iurp wkh odvhu dqg sursdjdwhv lq wkh h{whuqdo fdylw|/ lw
h{shulhqfhv dq h{whuqdo skdvh vkliw wkdw lv jlyhq e| *




$3 lv wkh odvhu iuhtxhqf|1 Iru wkh vdnh ri jhqhudolw|/ d frqvwdqw skdvh vkliw *
h{w
3
lv doorzhg dw wkh h{whuqdo uh hfwru1 Wkh h{whuqdo0fdylw| skdvh vkliw sod|v d vxewoh
uroh wkurxjk wkh skdvh idfwru h{s +l*
h{w, iru wkh ghod|hg hog wkdw lv ihg edfn
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lqwr wkh odvhu fdylw|1 Lw wxuqv rxw +vhh Uhi1 ^44;`, wkdw wkh olqh zlgwk ri d vlqjoh0
prgh odvhu h{srvhg wr zhdn ihhgedfn +Uh{w  4, ghshqgv rq wkh ydoxh ri *h{w1 Lq
rwkhu zrugv= iru dq h{shulphqwdo vhwxs erwk olqh zlgwk eurdghqlqj dqg qduurzlqj
0 dv frpsduhg zlwk wkh olqh zlgwk ri wkh vrolwdu| odvhu zlwk qr ihhgedfn 0 fdq eh
revhuyhg e| ydu|lqj wkh ohqjwk ri wkh h{whuqdo fdylw| ryhu kdoi d zdyhohqjwk1 Wkh
phfkdqlfdo wrohudqfh ri wkh frxsohg v|vwhp iru rswlpxp shuirupdqfh lv wkhuhiruh
h{wuhpho| fulwlfdo1
81416 H{whuqdo Fdylw| Prghv
Wkh h{whuqdo uh hfwru lq Ilj1 54 ohdgv wr wkh irupdwlrq ri dq h{whuqdo fdylw|1
Wkh h{whuqdo fdylw| lv riwhq pxfk odujhu wkdq wkh fdylw| ri wkh odvhu +Oh{w  
O, dqg kdv lwv rzq vhw ri uhvrqdqfh iuhtxhqflhv1 Wkh uhvrqdqfh iuhtxhqflhv ri
wkh h{whuqdo fdylw| duh ixqgdphqwdoo| wkh vdph dv wkh orqjlwxglqdo prghv ri wkh
vrolwdu| odvhu1 Wkhvh uhvrqdqfhv duh uhihuuhg wr dv h{whuqdo fdylw| prghv1 Krzhyhu/
wkh h{whuqdo fdylw| dqg wkh odvhu fdylw| duh frxsohg dqg/ frqvhtxhqwldoo|/ vrph ri
wkh h{whuqdo fdylw| prghv zloo h{shulhqfh kljkhu jdlqv wkdq rwkhuv1 Iru wklv uhdvrq/




f lv wkh vshhg ri oljkw lq iuhh vsdfh/ dqg hvvhqwldoo| irup dq xquhvroyhg frqwlqxxp
fhqwhuhg durxqg hdfk ri wkh orqjlwxglqdo prghv ri wkh odvhu fdylw|1^44<` Iljxuh 55
looxvwudwhv wkh suhvhqfh ri h{whuqdo fdylw| prghv zlwk uhvshfw wr wkh duud| prghv
dqg wkh orqjlwxglqdo prghv lq wkh vshfwuxp1 Wklv xquhvroyhg frqwlqxxp 0 zklfk
iru vkruw h{whuqdo fdylwlhv fdq dfwxdoo| eh uhvroyhg zlwk d kljk0qhvvh vshfwuxp
dqdo|}hu 0 jlyhv ulvh wr dq dssduhqw olqh zlgwk ri wkh duud| prgh wkdw lv wkh zlgwk
ri wkh foxvwhu1^453/ 454` Lq rwkhu zrugv= iru d vlqjoh0prgh odvhu wkh rvfloodwlrq ri
h{whuqdo fdylw| prghv ohdgv wr d eurdghqlqj ri wkh odvhu olqh zlgwk zlwk d uhgxfwlrq
lq frkhuhqfh ohqjwk dv d uhvxow1^455`
Iljxuh 551 Vshfwuxp ri odvhu glrgh duud| h{srvhg wr rswlfdo ihhgedfn1 Wkh ihhgedfn
ohdgv wr wkh suhvhqfh ri h{whuqdo fdylw| prghv1 Wkhvh prghv duh foxvwhuv durxqg
doo ri wkh rvfloodwlqj prghv ri wkh vrolwdu| odvhu duud|1
Lw kdv ehhq vkrzq wkdw pruh wkdq rqh h{whuqdo fdylw| prgh lv suhvhqw lq wkh






zkhuh  lv wkh ihhgedfn udwh +l1h1 krz odujh dq dprxqw ri hqhuj| lv ihg edfn lqwr









zkhuh O lv wkh urxqg0wuls wlph ri wkh hog lq wkh vrolwdu| odvhu fdylw|1 Dv wkh
ihhgedfn sdudphwhu F lqfuhdvhv/ srwhqwldoo| pruh h{whuqdo fdylw| fdq eh rvfloodw0
lqj1 Iru {hg uh hfwlylw|/ wkh qxpehu ri prghv fdq eh ghfuhdvhg e| uhgxflqj wkh
ohqjwk ri wkh h{whuqdo fdylw|1
Wkh suhvhqfh ri h{whuqdo fdylw| prghv fdq eh xvhg iru vkruw sxovh jhqhudwlrq1
Wklv fdq eh dfklhyhg e| prgh orfnlqj whfkqltxhv1^74` Jhqhudwlrq ri vkruw sxovhv
kdv ehhq ghprqvwudwhg lq qxphurxv h{whuqdo fdylw| frqjxudwlrqv xvlqj erwk dq
ruglqdu| pluuru ^86/ dqg uhihuhqfhv wkhuhlq`/ dqg zlwk d skrwruhiudfwlyh skdvh
frqmxjdwh pluuru dv h{whuqdo uh hfwru ^46/ 457/ 458`1
81417 Skhqrphqrorjlfdo Fodvvlfdwlrq
Iru frqyhqwlrqdo rq0d{lv ihhgedfn d klhudufklfdo fodvvlfdwlrq ri glhuhqw ihhgedfn
uhjlphv +odehohg L/ LL/ LLL/ LY dqg Y, lq whupv ri wkh ydoxh ri wkh hhfwlyh ihhgedfn
uh hfwlylw| dqg wkh h{whuqdo fdylw| ohqjwk kdv ehhq lqwurgxfhg1^459/ 45:` Hdfk
uhjlph fruuhvsrqgv wr d zhoo0ghqhg w|sh ri ehkdylru ri wkh odvhu v|vwhp/ zklfk
lq vkruw fdq eh ghvfulehg dv ^75`
L Iru yhu| zhdn ihhgedfn ohyhov +x ? 439 , frqvlghudeoh olqh zlgwk qduurzlqj
dqg lpsuryhg iuhtxhqf| vwdelolw| fdq eh dfklhyhg/ exw eurdghqlqj lv dovr
srvvleoh1^44;`
LL Ghshqglqj rq wkh ydoxh h{w wkh LL uhjlph zloo eh uhdfkhg durxqg 439/ zkhuh
wkh v|vwhp vkrzv qrlvh0lqgxfhg krsslqj ehwzhhq h{whuqdo fdylw| prghv1
LLL Wkh v|vwhp fdq h{klelw prgh krsslqj dqg shulrglf srzhu  xfwxdwlrqv/ l1h1
wkh vshfwuxp ri wkh whpsrudoo| revhuyhg rxwsxw srzhu frqvlvwv ri d qxp0
ehu ri shdnv zklfk kdyh ehhq dwwulexwhg wr ehdwlqj ehwzhhq h{whuqdo fdylw|
prghv1^455/ 45;` Wkh vsdflqj ehwzhhq wzr shdnv fruuhvsrqgv wr wkh lqyhuvh ri
wkh h{whuqdo urxqg0wuls wlph1^45<` Dgglwlrqdo orqjlwxglqdo prghv fdq dsshdu/
dqg wkh olqh zlgwk ri hdfk prgh frqwlqxhv wr eurdghq iru lqfuhdvlqj ihhgedfn
ohyho1^463`
LY Wkh frkhuhqfh froodsvh skhqrphqrq kdv ehhq revhuyhg iru ihhgedfn ohyhov rix
@ 643
8 wr 4341 Wklv skhqrphqrq vwhpv iurp vwurqj qrqolqhdu lqvwdelolwlhv
^464` dqg uhvxowv lq d vljqlfdqw uhgxfwlrq lq wkh frkhuhqfh ohqjwk1^456/ 465`
Dq revhuydwlrq ri wkh hplwwhg odvhu srzhu uhyhdov udqgrpo| glvwulexwhg vxg0
ghq lqwhqvlw| gursv1 Wkh uhfryhu| wlph diwhu vxfk d gurs lv w|slfdoo| htxdo wr
vhyhudo h{w1^456`
Y Iru kljk ihhgedfn ohyhov +x A 434, vwdeoh odvhu rshudwlrq zlwk olqh zlgwk
qduurzlqj hhfwv fdq djdlq eh revhuyhg1^466` Xvxdoo| wkh Y ihhgedfn uhjlph
fdq rqo| eh uhdfkhg e| xvlqj dq dqwluh hfwlrq frdwlqj rq wkh rxwsxw idfhw1
Riwhq uhjlphv L dqg LL duh jurxshg dv wkh zhdn ihhgedfn uhjlph + 4( uh0
 hfwlylw|,/ uhjlphv LLL dqg LY duh jurxshg dv wkh prghudwh ihhgedfn uhjlph +40
43( uh hfwlylw|,/ dqg uhjlph Y lv fodvvlhg dv wkh kljk ihhgedfn uhjlph +A 43(
uh hfwlylw|,1^45:`
815 Skdvh Frqmxjdwh Ihhgedfn
Iurp wkh lqyhvwljdwlrqv rq frqyhqwlrqdo ihhgedfn lw lv nqrzq wkdw wkh qrlvh fkdu0
dfwhulvwlfv ri vhplfrqgxfwru odvhuv dqg wkh vshfwudo olqh zlgwk duh h{wuhpho| vhqvl0
wlyh wr wkh rswlrqdo ihhgedfn wkdw rffxuv zkhq d sruwlrq ri wkh odvhu rxwsxw lv ihg
edfn lqwr wkh odvhu fdylw| iurp dq h{whuqdo uh hfwlqj vxuidfh1 Dv glvfxvvhg lq wkh
suhfhglqj vhfwlrq/ wklv kljk vhqvlwlylw| lv gxh wr 0 dprqj rwkhu sdudphwhuv 0 wkh
h{whuqdo fdylw| skdvh vkliw1 Rqh ri wkh surshuwlhv ri skdvh frqmxjdwh oljkw lv wkh
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glvwruwlrq fruuhfwlrq wkhruhp/ zklfk phdqv wkdw wkh h{whuqdo fdylw| skdvh vkliw lv
dozd|v frqvwdqw uhjdugohvv ri wkh ohqjwk ri wkh h{whuqdo fdylw|/ vlqfh wkh skdvh ri
wkh uhwxuqhg oljkw lv uhyhuvhg gxulqj uh hfwlrq1 Dv d uhvxow/ wkh ehkdylru ri odvhuv
zlwk ihhgedfn iurp d skdvh frqmxjdwh pluuru +SFP, kdv uhfhlyhg frqvlghudeoh
dwwhqwlrq1 Vxfk ihhgedfn lv uhihuuhg wr dv skdvh frqmxjdwh ihhgedfn +SFI, dqg
glhuv frqvlghudeo| iurp wkh frqyhqwlrqdo ihhgedfn1
Wkh qdwxuh ri skdvh frqmxjdwlrq zloo fdxvh wkh skdvh frqmxjdwh ehdp wr sursd0
jdwh gluhfwo| edfn wrzdugv wkh odvhu vrxufh dqg zloo hqwhu wkh jdlq phglxp xqohvv
suhfdxwlrqv vxfk dv xvlqj dq rswlfdo lvrodwru duh wdnhq1 Li qr vxfk suhfdxwlrqv duh
wdnhq wkh skdvh frqmxjdwh ehdp lv rswlfdo ihhgedfn zklfk frxsohv wkh odvhu dqg
wkh skdvh frqmxjdwru +h1j1 d vhoi0sxpshg skrwruhiudfwlyh EdWlR6 fu|vwdo,1 Lw kdv
ehhq revhuyhg wkdw skdvh frqmxjdwh ihhgedfn jhqhudwhg e| irxu0zdyh pl{lqj lq
EdWlR6 kdv d vwurqj lq xhqfh rq wkh fkdudfwhulvwlfv ri wkh udgldwlrq iurp odvhuv/
vxfk dv vhplfrqgxfwru odvhuv/ jdv odvhuv dqg g|h odvhuv> SFI kdv ehhq ghprq0
vwudwhg wr uhgxfh wkh olqh zlgwk ri d vlqjoh0prgh glrgh odvhu e| d idfwru ri whq^;<`/
wr dfklhyh vlqjoh0prgh rshudwlrq ri d pxowlprgh orz0srzhu glrgh odvhu +olqh zlgwk
ohvv wkdq 433 nK},^467`/ wr qduurz grzq wkh vshfwuxp ri d ylvleoh orz0srzhu pxo0
wlprgh odvhu glrgh^468`/ wr vwdelol}h dfwlyh prgh orfnlqj ri d ylvleoh odvhu glrgh
lq dq h{whuqdo fdylw|^457`/ wr uhgxfh wkh srzhu  xfwxdwlrqv lq d pxowlprgh dujrq
lrq odvhu^469`/ dqg wr qduurz wkh olqh zlgwk wr ohvv wkdq 9 JK} lq d pxowlprgh
g|h odvhu^46:`1 Krzhyhu/ SFI kdv dovr ehhq revhuyhg wr fdxvh vwurqj ghjudgdwlrq
ri wkh rxwsxw udgldwlrq/ vxfk dv iuhtxhqf| vfdqqlqj +vhh Fkdswhu 9, lq d glrgh
odvhu^46;` dqg d g|h odvhu^46<`/ vsdwldo prgh  xfwxdwlrq lq d g|h odvhu^473`/ dqg
olqh zlgwk eurdghqlqj lq dq lqgh{0jxlghg glrgh odvhu^468`1
81514 Uhvsrqvh Wlph ri Skdvh Frqmxjdwruv
Pdq| wkhruhwlfdo lqyhvwljdwlrqv rq wkh g|qdplfv ri odvhuv zlwk SFI dvvxph lq0
vwdqwdqhrxv uhvsrqvh ri wkh wkh SFP1^474/ 475/ 476/ 477/ 478/ 479/ 47:/ 47;` Lq
h{shulphqwv wklv dssur{lpdwlrq pd| eh ixooohg zlwk d idvw qrqolqhdu phglxp +h1j1
vhplfrqgxfwru pdwhuldo ^47<`, zklfk lv h{whuqdoo| sxpshg lq d irxu0zdyh pl{lqj
jhrphwu|1 Krzhyhu/ li wkh SFP uhvsrqvh wlph lv vorzhu wkdq wkh h{whuqdo urxqg0
wuls wlph/ wkh ihhgedfn udwh +, ehfrphv wlph ghshqghqw dqg fkdqjhv wkh g|qdplf
ehkdylru ri wkh odvhu glrgh1 Lq rwkhu zrugv= wkh hhfw ri SFI rq d vhplfrqgxfwru
odvhu ghshqgv rq wkh w|sh ri SFP1 Wkh dssur{lpdwlrq frqfhuqlqj lqvwdqwdqhrxv
uhvsrqvh wlph grhv qrw dsso| wr d vhoi0sxpshg SFP1^474` Qhyhuwkhohvv/ d vhoi0
sxpshg skrwruhiudfwlyh EdWlR6 skdvh frqmxjdwru lv vwloo fdsdeoh ri skdvh frqmx0
jdwlqj wkh rxwsxw iurp d odvhu glrgh wkdw lv frxsohg wr wkh frqmxjdwru1^;<` Wklv
revhuydwlrq ohdgv wr vshfxodwlrqv derxw krz wkdw fdq eh wkh fdvh1 Rqh h{sodqdwlrq
pd| eh= rqfh wkh judwlqj vwuxfwxuh lq wkh skrwruhiudfwlyh fu|vwdo kdv exlow xs dqg
uhwxuqhg wkh skdvh frqmxjdwh ehdp/ d vwhdg| vwdwh rffxuv1 Lq wklv vwhdg| vwdwh/ wkh
hplwwhg srzhu dqg wkh prgh vwuxfwxuh iurp wkh odvhu lq wkh fdylw| duh frqvwdqw
ryhu wlph/ dqg hyhq wkrxjk wkh uhvsrqvh wlph ri wkh skdvh frqmxjdwru lv rughuv
ri pdjqlwxgh odujhu wkdq h{w/ vpdoo yduldwlrqv lq wkh hplwwhg hog zloo wr vrph
h{whqw +orzhu gholw|, eh skdvh frqmxjdwhg e| wkh suhvhqw judwlqj vwuxfwxuh lq wkh
fu|vwdo1 Uhfhqwo|/ d ihz wkhruhwlfdo lqyhvwljdwlrqv kdyh lqfoxghg wkh uhvsrqvh wlph
ri wkh SFP1^483/ 484`
Wkh vorz uhvsrqvh wlph pd| eh idyrudeoh lq vrph dssolfdwlrqv1 Lw kdv/h1j1/ ehhq
revhuyhg wkdw wkh SFI iurp d vhoi0sxpshg EdWlR6 frqmxjdwru uhgxfhv wkh iuh0
txhqf| mlwwhu ri d vlqjoh0prgh odvhu1^;<` Lq frqwudvw wr frqyhqwlrqdo ihhgedfn/ wklv
uhgxfwlrq lv gxh wr d vorz uhvsrqvh wlph ri wkh skrwruhiudfwlyh fu|vwdo zklfk grhv
qrw doorz dq| mlwwhu iurp wkh fhqwudo odvlqj zdyhohqjwk wr kdyh hqrxjk wlph wr
zulwh d qhz vhw ri krorjudsklf judwlqjv1 Edvlfo|/ rqo| wkh fhqwudo iuhtxhqf| lv frx0
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sohg edfn lqwr wkh odvhu fdylw|1 Wkhruhwlfdo lqyhvwljdwlrqv kdyh uhyhdohg wkdw d
qlwh uhvsrqvh wlph 0 lq frqwudvw wr dq lqvwdqwdqhrxvo| uhvsrqglqj pluuru 0 grhv
lqghhg lqfuhdvh wkh vwdelolw| ri wkh hplvvlrq iurp d glrgh odvhu zlwk SFI1^483/ 484`
Wkh skhqrphqrq ri frkhuhqfh froodsvh lqgxfhg e| d prghudwh ihhgedfn ohyho
pd| qhyhu eh revhuyhg zlwk d vhoi0sxpshg frqmxjdwru/ vlqfh dq| frkhuhqfh froodsvh
zloo ohdg wr hudvxuh ri wkh judwlqj vwuxfwxuh fdxvlqj wkh uh hfwlylw| wr ghfuhdvh wr
d ohyho ehorz wkh ohyho ri frkhuhqfh froodsvh1
81515 Skdvh Ghod| lq d Skdvh0Frqmxjdwh H{whuqdo Fdylw|
D vhoi0sxpshg skdvh frqmxjdwru glhuv lq d ixqgdphqwdo zd| iurp dq h{whuqdoo|
sxpshg skdvh frqmxjdwru1 Ehfdxvh lw kdv qr h{whuqdo sxps ehdpv zlwk d jlyhq
skdvh uhihuhqfh/ lw fdqqrw nhhs wudfn ri devroxwh skdvh1^485` Iru h{dpsoh/ d vhoi0
sxpshg Fdw frqmxjdwru fdqqrw holplqdwh wkh vsdwldoo| xqlirup frpsrqhqw ri wkh
skdvh vkliw fdxvhg e| lqvhuwlqj d glvwruwlqj phglxp lq wkh sdwk ri wkh lqflghqw
ehdp1 Wkh vhoi0sxpshg Fdw frqmxjdwru/ krzhyhu/ fdq holplqdwh wkh kljk vsdwldo
iuhtxhqflhv ri wkh skdvh glvwxuedqfh jhqhudwhg e| wkh glvwruwlqj phglxp +wkh
glvwruwlrq fruuhfwlrq wkhruhp,1 Wklv fdq eh h{sodlqhg dv iroorzv1 Vlplodu wr Ht1
59/ lw fdq eh vkrzq wkdw wkh hohfwulfdo hog dpsolwxgh ri wkh skdvh frqmxjdwh













+l @ 4/5, duh wkh wzr sxps ehdpv ri wkh irxu0zdyh pl{lqj jhrphwu|1
Frqvlghu d xqlirup skdvh vkliw ri h{s +l*, lpsuhvvhg rq wkh hohfwulf dpsolwxgh H
r
ri wkh lqflghqw rswlfdo ehdp1 Iru h{whuqdo sxpslqj wklv skdvh vkliw lv qrw lp0
suhvvhg rq wkh wzr sxps ehdpv dqg wkh uhvxowlqj skdvh ri wkh rxwsxw ehdp lv
wkxv h{s +l3,  h{s +l3,  h{s +l*, @ h{s +l*,1 Krzhyhu/ iru d vhoi0sxpshg jhrph0
wu| wkh skdvh vkliw lv dovr lpsuhvvhg rq erwk sxps ehdpv dqg wkh uhvxowlqj skdvh
vkliw ri wkh rxwsxw ehdp lv frqvhtxhqwo| h{s +l*,  h{s +l*,  h{s +l*, @ h{s +l*,1
Wklv fohduo| vkrzv wkdw wkhuh lv d glhuhqfh ehwzhhq wkh vhoi0sxpshg dqg wkh
h{whuqdoo| sxpshg jhrphwu|1 D vhoi0sxpshg frqmxjdwru uhwdlqv skdvh ghod|1^486`
Lw wkhuhiruh iroorzv wkdw li d uhvrqdwru lv iruphg ehwzhhq d frqyhqwlrqdo pluuru
dqg d vhoi0sxpshg frqmxjdwru/ wkh orqjlwxglqdo prgh vsdflqj zloo eh f25Ofdylw|1
Wklv lv lq frqwudvw wr wkhruhwlfdo lqyhvwljdwlrqv ^<3` wkdw kdyh vkrzq wkdw iru d uhv0
rqdwru iruphg ehwzhhq d skdvh frqmxjdwru pluuru dqg d frqyhqwlrqdo pluuru/ wkh
orqjlwxglqdo prgh vsdflqj lv f27Ofdylw|/ ru kdoi wkh orqjlwxglqdo prgh vsdflqj ri
d uhvrqdwru zlwk frqyhqwlrqdo pluuruv> krzhyhu/ wkdw grhv rqo| dsso| wr h{whuqdoo|
sxpshg skdvh frqmxjdwruv1
81516 Olqh Zlgwk Qduurzlqj
Iru zhdn ihhgedfn ohyhov olqh zlgwk qduurzlqj fdq eh dfklhyhg zlwk SFI1 Gxh
wr wkh glvwruwlrq fruuhfwlrq wkhruhp iru dq h{whuqdoo| sxpshg frqmxjdwru/ zklfk
phdqv wkdw wkh oljkw lv uhyhuvhg gxulqj uh hfwlrq/ wkh h{whuqdo skdvh vkliw fdq eh
zulwwhq dv ^479`
*h{w @ $3h{w .*sfp . +$3h{w, @ *sfp . 5p>
zkhuh p lv dq lqwhjhu dqg *sfp lv dq duelwudu| skdvh vkliw dvvrfldwhg zlwk wkh
uh hfwlrq lq wkh SFP1 Wkh pdmru glhuhqfh ehwzhhq skdvh frqmxjdwh ihhgedfn
dqg frqyhqwlrqdo ihhgedfn lv wkdw iru SFI *
h{w grhv qrw ghshqg rq h{w/ l1h1 wkh
fdylw| ohqjwk/ zkhuhdv wklv lv qrw wkh fdvh iru frqyhqwlrqdo ihhgedfn1 Dv d uhvxow/
wkh fdylw| ohqjwk ri wkh h{whuqdo fdylw| fdq eh fkrvhq duelwudulo|/ dqg wkh ohqjwk
dgmxvwphqw iru rswlpxp shuirupdqfh lv wkhuhiruh qrw fulwlfdo1 Ghvslwh wkh idfw
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wkdw d vhoi0sxpshg frqmxjdwru uhwdlqv skdvh ghod|/ lw wxuqv rxw wkdw lq d frxsohg
v|vwhp wkh frqmxjdwru zloo dgmxvw lwv skdvh *sfp vr wkdw *h{w @ 5p/ zklfk phdqv
wkdw wklv v|vwhp lv dovr lqghshqghqw ri h{w1^486/ ;<`
Wkh frqfhsw ri olqh zlgwk qduurzlqj xvlqj zhdn SFI kdv ehhq yhulhg h{shu0
lphqwdoo| zlwk d vhoi0sxpshg EdWlR6 frqmxjdwru1^;<` Olqh zlgwk qduurzlqj ri d
vlqjoh0prgh odvhu glrgh kdv ehhq ghprqvwudwhg xvlqj skdvh frqmxjdwlrq jhqhudwhg
e| irxu0zdyh pl{lqj lq dqrwkhu vhplfrqgxfwru eurdg0duhd odvhu1^487/ 488` Lq rqh
h{shulphqw ^487` wkh olqh zlgwk zdv uhgxfhg zlwk d idfwru ri wzr kxqguhg/ iurp 8
PK} wr 58 nK}/ e| ihhglqj edfn 9438 ri wkh rxwsxw srzhu iurp wkh vlqjoh0prgh
odvhu1
81517 Skhqrphqrorjlfdo Fodvvlfdwlrq
Vlplodu wr frqyhqwlrqdo ihhgedfn d klhudufklfdo fodvvlfdwlrq ri glhuhqw skdvh
frqmxjdwh ihhgedfn uhjlphv lq whupv ri wkh ydoxh ri wkh hhfwlyh ihhgedfn fdq eh
lqwurgxfhg1 Khuh wkuhh uhjlphv duh xvhg= wkh zhdn/ wkh prghudwh/ dqg wkh kljk
ihhgedfn uhjlph1
 Iru zhhn ihhgedfn +x ? 4435,/ olqh zlgwk qduurzlqj hhfwv dqg lqfuhdvhg
iuhtxhqf| vwdelolw| iru d vlqjoh0prgh odvhu fdq eh dfklhyhg1^;</ 488` Wkh lqwhq0
vlw| dqg wkh iuhtxhqf| qrlvh duh uhgxfhg1^474`1 SFI fdq ohdg wr vlqjoh0prgh
rshudwlrq ri d ylvleoh pxowlprgh odvhu glrgh1^;<`
 Lq wkh prghudwh ihhgedfn uhjlph +x A 4435, vwurqj lqvwdelolw| fdq rffxu/
zklfk ohdgv wr d uhgxfhg frkhuhqfh ohqjwk +frkhuhqfh froodsvh uhjlph,1^475`
Pruhryhu/ vwurqj lqwhqvlw| yduldwlrqv vxfk dv shulrg0grxeolqj fdq wdnh sodfh1^477/
47:` Iru vrph w|shv ri skdvh frqmxjdwh pluuruv wkh frkhuhqfh froodsvh uhjlph
pd| qrw eh hqfrxqwhuhg gxh wkh qlwh uhvsrqvh wlph ri wkh SFP/ dv glvfxvvhg
lq Vhf1 815141
 Lq wkh kljk ihhgedfn uhjlph +x A 4434,/ vwdelolw|/ l1h1 uhgxfhg lqwhqvlw|
qrlvh/ fdq djdlq eh dfklhyhg1 SFI fdq ohdg wr hhfwv vxfk dv vsdwldo prgh
vxssuhvvlrq1^47;` Ghshqglqj rq wkh odvhu ghvljq SFI pd| uhvxow lq hlwkhu dq
lqfuhdvlqj ru d uhgxfhg qxpehu ri orqjlwxglqdo prghv wkdw duh odvlqj1^468/
489/ 457` Lq vrph fdvhv SFI fdq fdxvh d pxowlprgh odvhu wr rvfloodwh lq d
vlqjoh prgh1^467` Iru vrph w|shv ri odvhuv SFI ohdgv wr uhgxfhg lqwhqvlw|
qrlvh ^469`/ zkhuhdv lq rwkhuv lw pd| lqgxfhv vwurqj prgh  xfwxdwlrq^473`1 Lq
wkh kljk ihhgedfn uhjlph vrph w|shv ri vhoi0sxpshg skdvh frqmxjdwruv pd|
ohdg wr lqvwdelolw| vxfk dv iuhtxhqf| vfdqqlqj +vhh Fkdswhu 9,1^46;/ 473`
Iurp wklv ghvfulswlrq ri wkh wkuhh ihhgedfn uhjlphv 0 zklfk lv edvhg sduwo|
rq qxphurxv h{shulphqwdo revhuydwlrqv/ sduwo| rq wkhruhwlfdo lqyhvwljdwlrqv 0 qr
fohdu slfwxuh ri wkh ehkdylru ri odvhuv zlwk SFI lv irxqg1 Rqo| iru zhdn ihhgedfn
lv dq hqkdqfhphqw ri wkh odvhu shuirupdqfh iru fhuwdlq revhuyhg1 Edvhg rq wkh
h{shulphqwdo gdwd froohfwhg gxulqj wklv Sk1G1 zrun/ wkh skdvh frqmxjdwh uh hf0
wlylw| iurp d vhoi0sxpshg EdWlR6 frqmxjdwru lv w|slfdoo| 5048( +orzhvw iru wkh
r0d{lv frqjxudwlrq dqg kljkhvw iru wkh rq0d{lv frqjxudwlrq,/ fruuhvsrqglqj wr
x @ 7435 6433 iru Urxw @ 31371 Wklv phdqv wkdw wkh odvhu ehkdylru vkrxog eh
frpsduhg zlwk wkh prghudwh dqg kljk ihhgedfn uhjlphv1 Wkh frkhuhqfh froodsvh
skhqrphqrq/ krzhyhu/ kdv qrw ehhq revhuyhg gxulqj wklv zrun1 Lw zdv irxqg wkdw
kljk vwdelolw| fdq eh rewdlqhg li 0 dqg rqo| li 0 dfwlyh prgh glvfulplqdwlrq lq
wkh h{whuqdo fdylw| lv dssolhg1 Wkhuhe| prgh krsslqj lv dyrlghg1 Wkh frqfhsw ri
glvfulplqdwlrq lv glvfxvvhg lq Vhf1 8171
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81518 Skdvh Orfnlqj ri Wzr Odvhuv
Hyhq zkhq wkh udgldwhg ehdpv iurp wzr odvhu vrxufh duh kljko| frkhuhqw/ l1h1 wkh
odvhuv kdyh d orqj frkhuhqfh ohqjwkv/ wkh| fdqqrw irup dq lqwhuihuhqfh sdwwhuq1 Wkh
odvhu ehdpv duh vdlg wr eh pxwxdoo| lqfrkhuhqw1 Krzhyhu/ wkh wzr odvhu vrxufhv
fdq eh pdgh pxwxdoo| frkhuhqw e| dsso|lqj skdvh frqmxjdwh ihhgedfn wr wkh odvhu
vrxufhv iurp d pxwxdoo| sxpshg skdvh frqmxjdwru/ dv ghvfulehg lq Vhf1 7151 Iljxuh
56 vkrzv wkh edvlf frqfhsw ri skdvh orfnlqj ri wzr lqfrkhuhqw odvhu vrxufhv xvlqj d
vhoi0sxpshg Fdw frqjxudwlrq dv zhoo dv d pxwxdoo| sxpshg skdvh frqmxjdwru lq d
EdWlR6 fu|vwdo1 Hdfk ri wkh ehdpv iurp wkh lqglylgxdo vrxufhv irupv lwv rzq vhoi0
sxpshg Fdw jhrphwu| dqg hvwdeolvkhv SFI1 Wkh ehdpv dovr vsdwldoo| ryhuods lq
wkh fu|vwdo dqg d pxwxdoo| sxpshg jhrphwu| fdq lq dgglwlrq wr wkh Fdw jhrphwulhv
eh iruphg1 Wkh judwlqj vwuxfwxuh ri wkh pxwxdoo| sxpshg frqmxjdwru fdxvhv wkh
skrwrqv iurp rqh odvhu wr eh lqmhfwhg lqwr wkh rwkhu odvhu/ dqg ylfh yhuvd1 Dv
glvfxvvhg lq Vhf1 718/ wklv lqmhfwlrq zloo ehfrph vwurqjhu li wkh vrxufhv kdyh h{dfwo|
wkh vdph zdyhohqjwk dqg/ frqvhtxhqwo|/ wkh| zloo wu| wr pdwfk wkhlu zdyhohqjwkv1
Lq rughu wr dfklhyh frpsohwh skdvh orfnlqj ri wkh vrxufhv/ l1h1 rqo| rqh iuhtxhqf| lv
rvfloodwlqj lq hdfk odvhu/ lw pxvw eh hqvxuhg wkdw rqo| rqh vsdwldo prgh fdq rvfloodwh
iru hdfk odvhu +dqg suhihudeo| wkh vdph vsdwldo prgh,/ vlqfh glhuhqw vsdwldo prghv
kdyh voljkwo| glhuhqw uhvrqdqfh iuhtxhqflhv1 Wkh frqfhsw ri lqwhudfwlrq ri wzr odvhu
ehdpv lq d Fdw frqmxjdwru kdv ehhq yhulhg h{shulphqwdoo|1^48:` Wklv whfkqltxh
kdv ehhq dssolhg wr d odvhu edu/ zklfk lv d qxpehu ri duud|v sodfhg qh{w wr hdfk
rwkhu1^4:`
Iljxuh 561 Edvlf frqfhsw ri skdvh orfnlqj ri vhyhudo lqfrkhuhqw odvhu vrxufhv e|
skdvh frqmxjdwh ihhgedfn jhqhudwhg zlwk d edulxp wlwdqdwh fu|vwdo1 Hdfk odvhu
vrxufh jhqhudwhv lwv rzq vhoi0sxpshg Fdw jhrphwu| dqg hvwdeolvkhv skdvh frqmx0
jdwh ihhgedfn1 Lq dgglwlrq/ wkh vrxufhv lqwhuihuh dqg jhqhudwh d pxwxdoo| sxpshg
judwlqj vwuxfwxuh wkdw fdxvhv skrwrq wudqvihu ehwzhhq wkh vrxufhv dqg hvwdeolvkhv
skdvh orfnlqj1 Rqo| wkh ehdp sdwkv fruuhvsrqglqj wr wzr vrxufhv duh vkrzq lq wkh
jxuh1 Wkh vrxufhv frxog/ h1j1/ eh odvhu glrgh duud|v ri d odvhu edu1
816 Lqmhfwlrq Orfnlqj
Lqmhfwlrq orfnlqj lv wkh surfhvv ri vhqglqj d orz0srzhu vljqdo lqwr d vhoi0rvfloodwlqj
uhvrqdwru +iru h{dpsoh d odvhu glrgh duud|,1 Wkh zhdn vljqdo vhhgv wkh uhvrqdwru
dqg lv fdsdeoh ri orfnlqj wkh vxevhtxhqw rvfloodwru| ehkdylru ri wklv uhvrqdwru
dqg/ wkhuhe|/ ri frqwuroolqj wkh vshfwudo dqg vsdwldo surshuwlhv ri wkh rxwsxw ri wkh
uhvrqdwru1 Rswlfdo lqmhfwlrq orfnlqj kdv suryhq wr eh d srzhuixo wrro lq lpsurylqj
wkh shuirupdqfh ri odvhu glrgh duud|v/ dqg wkh whfkqltxh kdv ehhq dssolhg zlwk
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yhu| jrrg uhvxowv1^48;/ 48</ 493/ 494/ 495`
Lq dq lqmhfwlrq frqjxudwlrq wkh oljkw ri d pdvwhu odvhu/ zklfk lv w|slfdoo| d
orz0srzhu vlqjoh0prgh odvhu/ lv frxsohg lqwr d odvhu ghylfh/ zklfk lv uhihuuhg wr
dv wkh vodyh odvhu1 Hyhq wkrxjk wkh rewdlqhg uhvxowv duh lpsuhvvlyh/ wkh lqmhfwlrq
orfnlqj vfkhph uhtxluhv 0 lq dgglwlrq wr wkh pdvwhu odvhu 0 dq rswlfdo lvrodwru wr
suhyhqw rswlfdo ihhgedfn rq wkh pdvwhu odvhu iurp wkh vodyh odvhu1 Pruhryhu/ iru
orfnlqj wr rffxu wzr frqglwlrqv pxvw eh vdwlvhg= +4, wkh ghwxqlqj ehwzhhq wkh
iuhtxhqf| ri wkh lqmhfwhg hog dqg wkh uhvrqdqfh iuhtxhqf| ri wkh vodyh odvhu pxvw
qrw eh wrr odujh/ zkloh +5, wkh lqmhfwhg srzhu vkrxog qrw eh wrr vpdoo1 Frqglwlrq
+4, uhtxluhv wkdw wkh odvlqj zdyhohqjwk ri wkh pdvwhu dqg wkh vodyh odvhuv fdq eh
pdwfkhg e| whpshudwxuh wxqlqj wkh wzr odvhu fdylwlhv1 Frqglwlrq +5, fdoov iru dq
h!flhqw frxsolqj ri wkh orz0srzhu vrxufh lqwr wkh fdylw| ri wkh vodyh odvhu1 Wkh
pdvwhu0vodyh lqmhfwlrq frqjxudwlrq lv frpsoh{ dqg qrw wulyldo wr rshudwh1 D pruh
vlpsoh frqjxudwlrq lv wkh vhoi0lqmhfwlrq orfnlqj vfkhph zkhuh d iudfwlrq ri wkh
rxwsxw srzhu ri wkh vodyh odvhu lwvhoi lv xvhg dv uhsodfhphqw iru wkh pdvwhu odvhu1
Wklv vfkhph zloo eh glvfxvvhg lq Vhf1 816141 Dowkrxjk vhoi0lqmhfwlrq lv qrw iuhh
iurp gl!fxowlhv/ lw wdnhv dgydqwdjh ri ixqgdphqwdo surshuwlhv ri wkh pdvwhu0vodyh
lqmhfwlrq orfnlqj vfkhph1 Lq wkh iroorzlqj wkhvh surshuwlhv zloo eh glvfxvvhg1
Ixqgdphqwdo dvshfwv ri wkh lqmhfwlrq orfnlqj surfhvv iru vhplfrqgxfwru odvhuv
vxfk dv qrlvh surshuwlhv ^496`/ orfnlqj udqjh ^497`/ vwdwlf dqg g|qdplf ehkdylru
^498/ 499`/ dqg fkdrv dqg lqvwdelolw| ^49:/ 49;` kdyh ehhq lqyhvwljdwhg wkhruhwlfdoo|1
Pruhryhu/ wkh g|qdplfv ri skdvh frqmxjdwh lqmhfwlrq orfnlqj xvlqj d pxwxdoo|
sxpshg EdWlR6 fu|vwdo +sxpshg e| d pdvwhu odvhu dqg d vodyh odvhu, kdv ehhq
lqyhvwljdwhg1^49<` Wkhvh lqyhvwljdwlrqv duh lq jhqhudo edvhg rq wkh Odqj0Nred|dvkl
udwh htxdwlrqv^44:` ru rq wkh Ideu|0Shurw dpsolhu prgho^497` +wkh wzr prghov
kdyh ehhq frpsduhg lq Uhi1 ^4:3`, dqg duh prvw vxlwdeoh wr vwxg| wkh g|qdplf
surshuwlhv1 Lq dgglwlrq/ qr vsdwldo hhfwv duh frqvlghuhg/ dqg wkh lqmhfwhg vljqdo lv
frqvlghuhg wr eh rq0d{lv/ l1h1 wkh oljkw lv lqmhfwhg lqwr wkh fdylw| ri wkh vodyh odvhu
dorqj wkh d{lv ri wkh udgldwlrq iurp wkh vrolwdu| vodyh odvhu1 Krzhyhu/ wkh lqmhfwlrq
orfnlqj ri kljk0srzhu eurdg0duhd odvhuv ru odvhu glrgh duud|v iroorzv wkh frpsohwho|
glhuhqw vfkhph/ zklfk lv nqrzq dv r0d{lv lqmhfwlrq/ dqg vsdwldo hhfwv pxvw eh
wdnhq lqwr dffrxqw lq wkh wkhruhwlfdo dqdo|vlv +vxfk dq dqdo|vlv kdv vr idu qrw ehhq
uhsruwhg,1
R0D{lv Lqmhfwlrq Orfnlqj Iljxuh 57+d, vkrzv vfkhpdwlfdoo| wkh r0d{lv lq0
mhfwlrq orfnlqj frqjxudwlrq1 Wkh ehdp iurp d pdvwhu odvhu lv lqmhfwhg lqwr wkh
jdlq uhjlrq ri wkh vodyh odvhu 0 zklfk fdq eh hlwkhu dq duud| ru d eurdg0duhd odvhu
0 dw dq dqjoh ri .1 Wkh pdvwhu ehdp lv uhihuuhg wr dv wkh lqmhfwlrq ehdp1 Wkh
rxwsxw udgldwlrq iurp wkh vodyh odvhu duud| lv uhihuuhg wr dv wkh rxwsxw ehdp1 Wkh
rxwsxw ehdp lv udgldwhg dw dq dqjoh ri 0 dqg frqwdlqv d pxfk odujhu dprxqw ri
hqhuj| dv frpsduhg zlwk wkh lqmhfwhg hqhuj|1 Dv d uhvxow ri wkh vxevhtxhqw h{shul0
phqwdo lqyhvwljdwlrqv ri lqmhfwlrq orfnhg odvhu duud|v/ d qxpehu ri qhz prghov kdyh
ehhq ghyhorshg wr h{sodlq wkh revhuyhg lqmhfwlrq ehkdylru1 Lqlwldoo|/ wkh lqmhfwlrq
ri d pdvwhu vljqdo lqwr d iuhh0uxqqlqj odvhu duud| zdv frqvlghuhg wr lqfuhdvh wkh
hhfwlyh jdlq ri vshflf duud| prghv vhohfwlyho|/ zlwk wkh juhdwhvw jdlq lqfuhdvh iru
wkh prghv wkdw duh prvw forvho| pdwfkhg lq iuhtxhqf| dqg hog suroh wr wkrvh
ri wkh lqmhfwhg pdvwhu odvhu ehdp1^4:4` Wklv prgho/ krzhyhu/ frxog qrw h{sodlq
revhuydwlrqv vxfk dv wkh vfdqqlqj ri wkh hplvvlrq dqjoh zkhq wkh iuhtxhqf| ri
wkh lqmhfwhg oljkw zdv fkdqjhg1^495/ 4:5` Odwhu/ wkh r0d{lv Ideu|0Shurw dpsolhu
prgho zdv sursrvhg/ ^494` d prgho wkdw kdv vkrzq jrrg djuhhphqw zlwk wkh h{0
shulphqwdo revhuydwlrqv ri wkh lqmhfwlrq orfnlqj surfhvv lq erwk eurdg0duhd odvhuv
dqg odvhu glrgh duud|v1
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Iljxuh 571 +d, Vfkhpdwlf gldjudp ri wkh lqmhfwlrq orfnlqj frqjxudwlrq1 Wkh ehdp
iurp wkh pdvwhu odvhu lv lqmhfwhg lqwr wkh odvhu duud| +vodyh odvhu, dw dq dqjoh
ri .1 Wkh rxwsxw ehdp lv udgldwhg dw dq dqjoh ri 1 +e, R0d{lv Ideu|0Shurw
prgho iru d eurdg0duhd odvhu1 Wkh ohqjwk dqg wkh zlgwk ri wkh jdlq uhjlrq ri wkh
eurdg0duhd odvhu duh vkrzq1
R0D{lv Ideu|0Shurw Dpsolhu Prgho Iljxuh 57+e, vkrzv wkh sursrvhg
phfkdqlvp iru wkh lqmhfwlrq orfnlqj surfhvv1 Dq lqmhfwlrq ehdp zlwk d zlgwk ri z
lv lqmhfwhg lqwr wkh jdlq uhjlrq ri wkh odvhu ghylfh1 Wkh lqmhfwhg ehdp lv irfxvhg dw
rqh vlgh ri wkh mxqfwlrq1 Wkh zdyhjxlgh vwuxfwxuh ri wkh odvhu ghylfh hqvxuhv wkdw
wkh lqmhfwhg vljqdo lv jxlghg lq wkh sodqh shushqglfxodu wr wkh mxqfwlrq +wudqv0
yhuvh gluhfwlrq,/ exw lv iuhh wr glyhujh lq wkh sodqh sdudooho wr wkh mxqfwlrq1 Uhfdoo
wkdw wkh hqg idfhw kdv kljk uh hfwlylw| dqg wkdw wkh rxwsxw idfhw lv sduwldoo|
uh hfwlqj1 Wkh lqmhfwhg ehdp sursdjdwhv lq wkh dfwlyh uhjlrq dqg lv dpsolhg1
Diwhu uh hfwlrq iurp wkh hqg idfhw wkh dpsolhg ehdp lv hplwwhg dv dq rxwsxw
ehdp1 Krzhyhu/ d sduw ri wkh ehdp lv uh hfwhg dw wkh rxwsxw idfhw/ uhhqwhuv wkh
jdlq uhjlrq dqg lv djdlq dpsolhg1 Wkhuhe|/ wkh lqmhfwhg ehdp pdnhv d pxowlsdvv
sursdjdwlrq xqwlo wkh ehdp hyhqwxdoo| sursdjdwhv rxw ri wkh odvhu jdlq uhjlrq
dqg lv dwwhqxdwhg1 Li wkh zlgwk ri wkh lqmhfwlrq ehdp lv vpdoo frpsduhg zlwk wkh
zlgwk ri wkh mxqfwlrq/ vhyhudo rxwsxw ehdpv fdq dulvh +dv vkrzq lq Ilj1 57+e,,1
Lq wkh idu0hog wkhvh ehdpv fdq lqwhuihuh dqg irup dq lqwhuihuhqfh sdwwhuq1 Wklv
kdv ehhq revhuyhg h{shulphqwdoo|1^494` Dv d uhvxow ri wkh zdyh0jxlglqj hhfw lq
wkh wudqvyhuvh gluhfwlrq/ wkh rxwsxw ehdp lq wklv sodqh lv xqdhfwhg e| wkh lqmhf0
wlrq orfnlqj surfhvv dqg h{klelwv wkh vdph glyhujhqfh dv wkh iuhh0uxqqlqj odvhu1
Wklv lv qrw d sureohp vlqfh wkh hplvvlrq lv gludfwlrq olplwhg lq wkh wudqvyhuvh
gluhfwlrq1 Wkh sursrvhg r0d{lv Ideu|0Shurw dpsolhu prgho grhv qrw lqfoxgh wkh
odwhudo jdlq dqg wkh uhiudfwlyh lqgh{ suroh wkdw duh suhvhqw zlwklq jdlq0jxlghg
odvhu glrgh duud|v1 Krzhyhu/ h{shulphqwdo revhuydwlrqv kdyh vkrzq wkdw odvhu du0
ud|v dqg eurdg0duhd odvhuv h{klelw qhdu lghqwlfdo uhvsrqvhv xqghu lqmhfwlrq orfnlqj
frqglwlrqv dqg wkxv vxssruw wkh fdvh iru frqvlghulqj wkh jdlq0jxlghg duud| dv d
zhdno| shuwxuehg jdlq0jxlghg ghylfh +shuwxuehg eurdg0duhd prgho/ vhh Vhf1 51815,
dv rssrvhg wr d qxpehu ri frxsohg rvfloodwruv +vxshuprgh wkhru|/ vhh Vhf1 51815,1
Wkh prvw uhohydqw sdudphwhuv lq wkh fdvh ri rswlfdo lqmhfwlrq duh ^4:6`=
41 Wkh udwlr ri vrolwdu| vodyh odvhu srzhu wr lqmhfwhg srzhu iurp wkh pdvwhu odvhu1
51 Iuhtxhqf| ghwxqlqj ehwzhhq wkh lqmhfwhg hog dqg wkh vrolwdu| vodyh odvhu
iuhtxhqf|1
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Iru d jlyhq gulyh fxuuhqw ri wkh vodyh odvhu/ d plqlpxp dprxqw ri hqhuj| pxvw
eh lqmhfwhg lq rughu wr dfklhyh frpsohwh orfnlqj1^48;/ 4:6` Wkh iuhtxhqf| ri wkh
pdvwhu odvhu pxvw eh pdwfkhg suhflvho| wr d uhvrqdqfh ri wkh vodyh odvhu +zlwklq
JK}, wr hqvxuh h!flhqw orfnlqj ehkdylru1^495` Hvshfldoo| wkh odwwhu lv qrw wulyldo wr
rewdlq h{shulphqwdoo|1 Wklv sureohp fdq/ krzhyhu/ eh ryhufrph e| xvlqj vr0fdoohg
r0d{lv vhoi0lqmhfwlrq orfnlqj/ zklfk zloo eh ghvfulehg lq wkh iroorzlqj vhfwlrq1
81614 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj
Wkh r0d{lv vhoi0lqmhfwlrq orfnlqj vfkhph lv yhu| vlplodu wr wkh r0d{lv lqmhfwlrq
orfnlqj frqjxudwlrq vkrzq lq Ilj1 57+d,1 Wkh rqo| glhuhqfh lv wkdw wkh lqmhfwlrq
ehdp lv d iudfwlrq ri wkh hqhuj| iurp rqh ri wkh wzr idu0hog orehv ri wkh duud|
zklfk lv vxevhtxhqwo| ihg edfn wr wkh dfwlyh uhjlrq1 Wklv ihhgedfn lv wkhq dpsolhg
dffruglqj wr wkh eurdg0duhd prgho lqmhfwlrq orfnlqj prgho1 Iljxuh 58+d, vkrzv d
vfkhpdwlf gldjudp ri wkh r0d{lv vhoi0lqmhfwlrq orfnlqj frqjxudwlrq1 Wkh h{whuqdo
uh hfwru fdq/ h1j1/ eh d pluuru1 Lw pd| dovr eh d skdvh frqmxjdwh pluuru/ lq zklfk
fdvh wkh frqjxudwlrq lv uhihuuhg wr dv r0d{lv skdvh frqmxjdwh vhoi0lqmhfwlrq orfn0
lqj +wklv whfkqltxh zloo eh suhvhqwhg lq fkdswhuv < dqg 43,1 Wkh h{whuqdo uh hfwru
uhwxuqv d sduw ri rqh idu0hog oreh wr wkh odvhu duud| lwvhoi1 Dv d uhvxow/ elgluhf0
wlrqdo ehdp sursdjdwlrq dulvhv lq wkh h{whuqdo fdylw| ehwzhhq wkh duud| dqg wkh
h{whuqdo uh hfwru1
Suhylrxv Zrun zlwk Duud|v R0d{lv vhoi0lqmhfwlrq orfnlqj zlwk d frqyhq0
wlrqdo pluuru kdv kdyh ehhq ghprqvwudwhg dqg vwxglhg lq ghwdlov1^6:/ 4:7/ 4:8`
Jhqhudwlrq ri xowudvkruw sxovhv +sv, kdv dovr ehhq suhvhqwhg xvlqj sdvvlyh prgh
orfnlqj dqg r0d{lv vhoi0lqmhfwlrq1^4:9` R0d{lv vhoi0lqmhfwlrq orfnlqj zkhuh d iudf0
wlrq ri wkh rxwsxw oreh lv ihg edfn wr wkh odvhu duud| dorqj wkh lqmhfwlrq oreh kdv
ehhq uhsruwhg1^4::` Wkh rxwsxw orrs lv odxqfkhg lqwr wkh hqg ri dq rswlfdo ehu1
Wkh rwkhu hqg ri wkh ehu surylghv wkh lqmhfwlrq ehdp1 Wkh ehu frqwdlqv dq rxw0
sxw frxsohu dqg dq rswlfdo lvrodwru wr hqvxuh sursdjdwlrq lq rqo| rqh gluhfwlrq ri
wkh ehu/ dqg wkh v|vwhp ehkdyhv olnh d ulqj rvfloodwru zkhuh wkh odvhu lv xvhg dv
dq dpsolhu1 Zlwk wklv frqjxudwlrq d 730hohphqw odvhu duud| kdv ehhq hqkdqfhg
wr d gludfwlrq olplwhg idu0hog dqg d vlqjoh0prgh vshfwuxp1^4::` Xqiruwxqdwho|/
rqo| 53( ri wkh wrwdo duud| hqhuj| zdv dydlodeoh dw wkh rxwsxw frxsohu1
Frxsolqj ri H{whuqdo Uh hfwru dqg wkh Duud| Iljxuh 58+e, vkrzv dq h{0
dpsoh ri wkh idu0hog lq wkh odwhudo gluhfwlrq +{0} sodqh, rewdlqhg iurp d frqjx0
udwlrq zkhuh wkh h{whuqdo uh hfwru lv d frqyhqwlrqdo pluuru +vhh Vhf1 81814 iru pruh
ghwdlov derxw wkh h{shulphqwdo frqjxudwlrq,1 Wkh h{whuqdo pluuru lv sodfhg dqg
rulhqwhg lq vxfk d zd| wkdw wkh duud| hplvvlrq lv ihg edfn dw dq dqjoh ri   51
Dv d uhvxow ri wkh vhoi0lqmhfwlrq orfnlqj surfhvv/ wkh duud| hplwv d odujh dprxqw ri
hqhuj| dw dq dqjoh ri   .51 Wkh idu0hog oreh dw   5 lv uhihuuhg wr dv wkh
lqmhfwlrq oreh +ru ehdp,/ dqg wkh oreh dw   .5 lv uhihuuhg wr dv wkh rxwsxw oreh
+ru ehdp,1
Gxh wr wkh uhiudfwlyh lqgh{ judwlqj lq wkh dfwlyh uhjlrq zlwk wkh zdyh yhfwru
sdudooho wr wkh {0d{lv +vhh Ht1 8 lq Vhf1 51815,/ d sduw ri wkh dpsolhg lqmhfwlrq
ehdp +wkh rxwsxw oreh, lv gludfwhg dqg udgldwhg wrzdugv wkh h{whuqdo uh hfwru^6;`
dqg/ frqvhtxhqwo|/ wkh h{whuqdo uh hfwru dqg wkh duud| ehfrph zhdno| frxsohg1 Dv
d uhvxow/ wkh odvhu duud| lv h{srvhg wr dq hhfwlyh ihhgedfn frh!flhqw xhii / zklfk
pd| eh pxfk vpdoohu wkdq x jlyhq e| Ht1 5:1 Wkh hhfwlyh ihhgedfn frh!flhqw
pd| eh hvwlpdwhg 0 hyhq wkrxjk wklv vwhs lv udwkhu xqmxvwlhg 0 e| frpsdulqj wkh
hqhuj| frqwdlqhg lq wkh rxwsxw oreh dqg wkh lqmhfwlrq oreh1 Li wkh shdn lqwhqvlwlhv
ri wkh lqmhfwlrq dqg wkh rxwsxw orehv duh ghqrwhg Llq dqg Lrxw/ uhvshfwlyho|/ wkh
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zkhuh Ht1 5: kdv ehhq xvhg1 Edvhg rq wkh idu0hog vkrzq lq Ilj1 58+e,/ wkh hhfwlyh
ihhgedfn frh!flhqw lv xhii * 3=4 x1 Wklv phdqv wkdw wkh hhfwlyh ihhgedfn ohyho
ehfrphv d idfwru ri whq vpdoohu dv frpsduhg zlwk x1 Li d iudfwlrq ri doo ri wkh
idu0hog hqhuj| lv ihg edfn wr wkh odvhu/ wkh v|vwhp ehfrphv pruh vwurqjo| frxsohg
dqg vkrxog eh uhjdughg dv d v|vwhp ri frxsohg uhvrqdwruv1 Iru wkdw fdvh xhii @
x/ vlqfh Llq @ Lrxw1
+d,















Iljxuh 581 +d, Vfkhpdwlf gldjudp ri r0d{lv vhoi0lqmhfwlrq orfnlqj1 Wkh h{whuqdo
uh hfwru uhwxuqv d sduw ri wkh duud| hplvvlrq wr wkh dfwlyh uhjlrq1 +e, Idu0hog lq
wkh odwhudo gluhfwlrq iurp dq r0d{lv vhoi0lqmhfwlrq orfnhg odvhu duud| xvlqj d pluuru
dv h{whuqdo uh hfwru1 Lw lv wkh oreh dw   5 wkdw lv wkh lqmhfwlrq oreh1 Wkh rxwsxw
oreh lv udgldwhg dw   .51 Wkh gdwd kdyh ehhq rewdlqhg h{shulphqwdoo|1 Vhh Vhf1
81814 iru pruh ghwdlov 1
817 Glvfulplqdwlrq ri Duud| Prghv lq dq H{whu0
qdo Fdylw|
Lq jhqhudo/ d kljk0srzhu odvhu duud| rvfloodwh lq d qxpehu ri vsdwldo dqg orqjlwx0
glqdo prghv vlpxowdqhrxvo|1 Iurp qxphurxv uhsruwhg h{shulphqwv zlwk SFI lw lv
nqrzq wkdw wkh qxpehu ri rvfloodwlqj prghv lq d pxowlprgh odvhu fdq eh uhgxfhg
e| frxsolqj lw zlwk d skdvh frqmxjdwh pluuru1 Krzhyhu/ lw lv dovr nqrzq +vhh Vhf1
81517, wkdw glhuhqw nlqgv ri lqvwdelolw| vxfk dv prgh krsslqj fdq eh fdxvhg e|
vwurqj SFI1 Vlqfh kljk SFI lv qhfhvvdu| lq rughu wr vxssuhvv xqzdqwhg prghv/
zklfk duh rvfloodwlqj zkhq qr ihhgedfn lv dssolhg wr wkh odvhu/ lw lv qhfhvvdu| wr
wdloru wkh h{whuqdo fdylw| lq vrph zd|1 Rqh zd| wr dfklhyh rvfloodwlrq lq d vlqjoh
prgh lv wr kdyh vrph vruw ri prgh glvfulplqdwlrq lq wkh h{whuqdo fdylw|/ l1h1 kljk
orvvhv iru doo prghv h{fhsw rqh pxvw eh lqwurgxfhg1 Dv d uxoh/ prgh glvfulplqdwlrq
fdq eh dfklhyhg lq wzr zd|v=
 owhulqj lq wkh vshfwudo grpdlq +vshfwudo owhulqj,>
 owhulqj lq wkh vsdwldo grpdlq +vsdwldo owhulqj,1
Iljxuh 59+d, jlyhv d vfkhpdwlf suhvhqwdwlrq ri d sduw ri wkh pxowlprgh vshf0
wuxp ri d odvhu duud|1 Wkuhh foxvwhuv ri duud| prghv +vsdwldo prghv,/ zklfk duh
rvfloodwlqj/ duh vkrzq lq wkh jxuh1 Wkh glhuhqw duud| prghv duh odehohg zlwk
prgh lqgh{ p1 Iljxuh 59+e, vkrzv wkh edvlf frqjxudwlrq ri r0d{lv vhoi0lqmhfwlrq
orfnlqj/ zkhuh erwk vsdwldo dqg vshfwudo owhulqj lv dssolhg1
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Iluvw/ vsdwldo owhulqj lv frqvlghuhg1 Dv glvfxvvhg lq Vhf1 51815/ glhuhqw duud|
prghv udgldwh wkhlu orehv dw glhuhqw dqjohv +p,1 D volw +zlwk wkh hgjhv sdudooho
wr wkh wudqvyhuvh gluhfwlrq, sodfhg ehwzhhq wkh h{whuqdo uh hfwru dqg wkh duud|
lqfuhdvhv wkh orvv iru vrph ri wkh vsdwldo prghv1 Dv vkrzq lq Ilj1 59+e,/ wkh
srvlwlrq ri wkh volw frqwurov zklfk ri wkh duud| prghv wkdw duh vhohfwhg1 Lq wklv
fdvh lw lv duud| prgh p1 Li wkh volw lv vx!hqwo| qduurz/ erwk duud| prgh p4 dqg
duud| prgh p. 4 +dqg duud| prghv zlwk hyhq kljkhu ru orzhu prgh lqglfhv, zloo
qrw sdvv wkh vsdwldo owhu dqg uhdfk wkh h{whuqdo uh hfwru1 Lq wkh vshfwudo grpdlq
wklv vsdwldo owhulqj fdq eh looxvwudwhg e| wkh grwwhg duurzv vkrzq lq Ilj1 59+d,>
wkh vsdwldo owhu vhohfwv duud| prgh p iurp hdfk ri wkh duud| foxvwhuv durxqg hdfk
ri wkh orqjlwxglqdo prghv1 Vlqfh vhyhudo orqjlwxglqdo prghv rvfloodwh/ wkh vsdwldo
owhulqj zloo xvxdoo| qrw ohdg wr d qduurzlqj ri wkh duud| vshfwuxp1 Krzhyhu/ wkh
vsdwldo owhulqj ohdgv wr wkh idu0hog sdwwhuq vkrzq lq Ilj1 58+e,1
Qh{w/ vshfwudo owhulqj lv frqvlghuhg1 Lq jhqhudo rqh fdq vd| wkdw d vshfwudo o0
whu kdv d wudqvplvvlrq wkdw ghshqgv rq wkh iuhtxhqf| ri wkh ehdp1 Wklv frxog iru
h{dpsoh eh dq hwdorq/ dq lqwhuihuhqfh owhu/ dq devruswlrq owhu/ ru dq lqwhuihuhqfh
owhu lq d skrwruhiudfwlyh fu|vwdo^4:;`1 Lq wkh vshfwudo grpdlq vshfwudo owhulqj fdq
eh looxvwudwhg e| d wudqvplvvlrq ixqfwlrq/ dv vkrzq e| wkh gdvkhg olqh lq wkh orzhu
sduw ri Ilj1 59+d,1 Wkh prghv wkdw kdyh d zdyhohqjwk rxwvlgh wkh edqgzlgwk ri
wkh vshfwudo owhu duh vxemhfw wr kljk orvv/ dv frpsduhg zlwk wkrvh prghv zklfk
kdyh d zdyhohqjwk zlwklq wkh edqgzlgwk1 Li wkh edqgzlgwk lv ohvv wkdq IS
+orqjlwxglqdo prgh vsdflqj,/ dv vkrzq lq Ilj1 59+d,/ rqh foxvwhu ri duud| prghv
+rqh orqjlwxglqdo prgh, fdq eh vhohfwhg1 Li vsdwldo owhulqj lv dovr dssolhg/ rqo|
rqh duud| prgh p lv vhohfwhg iurp wklv foxvwhu/ dqg vlqjoh0prgh rshudwlrq ri wkh
r0d{lv vhoi0lqmhfwlrq orfnhg duud| fdq eh dfklhyhg1 Li qr vsdwldo owhulqj lv ds0
solhg/ vlqjoh0prgh rshudwlrq fdq vwloo eh rewdlqhg1 Krzhyhu/ wkdw uhtxluhv wkdw wkh
edqgzlgwk ri wkh vshfwudo owhu lv vpdoohu wkdq p>p.4 +vsdwldo prgh vsdflqj,1
Wkh whup vlqjoh0prgh lv khuh xvhg wr vshfli| wkdw rqo| rqh duud| prgh dw rqh
orqjlwxglqdo prgh ri wkh vrolwdu| odvhu duud| lv rvfloodwlqj1 Wkh h{whuqdo uh hfwru
pd| jlyh ulvh wr h{whuqdo fdylw| prghv dvvrfldwhg zlwk wkh vhohfwhg vlqjoh prgh1
Lq frqfoxvlrq/ rqh fdq vd| wkdw li rqo| vsdwldo owhulqj lv dssolhg/ vlqjoh0prgh
rshudwlrq +vlqjoh duud| prgh dqg vlqjoh orqjlwxglqdo prgh, fdqqrw eh dfklhyhg1 Li
yhu| vhohfwlyh vshfwudo owhulqj lv dssolhg/ vlqjoh0prgh rshudwlrq fdq eh rewdlqhg1
Prghudwh vshfwudo dqg vsdwldo owhulqj fdq eh dssolhg vlpxowdqhrxvo| dqg fdq ohdg
wr wkh vhohfwlrq ri d vlqjoh duud| prgh dqg orqjlwxglqdo prgh1
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wlrqdo Ihhgedfn
Lq wkh iroorzlqj h{shulphqwdo revhuydwlrqv ri wkh ehkdylru ri d odvhu glrgh duud|
zlwk r0d{lv vhoi0lqmhfwlrq orfnlqj xvlqj frqyhqwlrqdo ihhgedfn duh suhvhqwhg1 Wkh
h{shulphqwv kdyh ehhq shuiruphg gxulqj wkh suhvhqw Sk1G1 zrun1
Lq wkh orfnlqj surfhvv/ prgh glvfulplqdwlrq lv dssolhg dv glvfxvvhg lq Vhf1 8171
Wzr frqjxudwlrqv duh frqvlghuhg= +d, ihhgedfn iurp d pluuru dqg +e, ihhgedfn
iurp d gludfwlrq judwlqj1 Wkhvh h{shulphqwv duh shuiruphg lq rughu wr frpsduh
wkh frqyhqwlrqdo ihhgedfn zlwk wkh skdvh frqmxjdwh ihhgedfn xvhg lq fkdswhuv <
dqg 431
Wkh h{shulphqwdo vhwxs lv vkrzq lq Ilj1 5:1 Wkh odvhu glrgh duud| lv d JdDoDv
430vwulsh surwrq0lpsodqwhg jdlq0jxlghg odvhu duud| +Duud| L,/ zlwk d 433 p zlgh
hplwwlqj mxqfwlrq1 Lw lv whpshudwxuh frqwuroohg zlwk d showlhu hohphqw1 Wkh duud|
kdv d wkuhvkrog ri 315; dps +@ lwk, dqg d pd{lpxp rxwsxw srzhu ri 318 zdww dw
31< dps +615lwk,1 Wkh fhqwhu zdyhohqjwk/ 3/ ri wkh pxowlprgh vshfwuxp dw 58
F
lv ;48 qp1 Wkh orqjlwxglqdo prgh vsdflqj lv IS @ 3144 qp1 Zkhq wkh duud|
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Iljxuh 591 Looxvwudwlrq ri wkh glvfulplqdwlrq ri duud| prghv lq dq h{whuqdo fdy0
lw|1 +d, Vsdwldo +grwwhg duurzv, dqg vshfwudo +gdvkhg olqh 0 wudqvplvvlrq ixqfwlrq,
owhulqj looxvwudwhg lq wkh vshfwudo grpdlq1 +e, R0d{lv vhoi0lqmhfwlrq orfnlqj frq0
jxudwlrq iru d odvhu duud| zkhuh vshfwudo dqg vsdwldo owhulqj lv dssolhg1
uxqv iuhho|/ d edqg ri pdq| vsdwldo prghv lv rvfloodwlqj dw vhyhudo orqjlwxglqdo
prghv1 Dw d gulyh fxuuhqw ri 6lwk wkh vshfwuxp kdv d ixoo zlgwk dw kdoi0pd{lpxp
+IZKP, ri 415 qp fruuhvsrqglqj wr dssur{lpdwho| whq orqjlwxglqdo prghv1 Wkh
rxwsxw ehdp ri wkh duud| lv froolpdwhg zlwk d ohqv +4, dorqj wkh kljk frkhuhqfh
d{lv vlqfh froolpdwlrq lq wklv sodqh ohdgv wr wkh kljkhvw uhvroxwlrq iru wkh gludfwlrq
lq wkh judwlqj1 D vhfrqg ohqv +5, jhqhudwhv d svhxgr idu0hog dw d glvwdqfh ri 733
pp iurp wkh duud|1 Wklv svhxgr idu0hog lv dq lpdjh ri wkh Irxulhu sodqh ri wkh
froolpdwlqj ohqv +4,1 D kdoi0zdyhohqjwk zdyh sodwh lv lqvhuwhg lq wkh ehdp sdwk lq
rughu wr urwdwh wkh srodul}dwlrq <31 Wklv urwdwlrq lv ri plqru lpsruwdqfh iru wkh
fdvh ri frqyhqwlrqdo ihhgedfn +wkh uh hfwlylw| ri wkh judwlqj ghshqgv rqo| voljkwo|
rq wkh srodul}dwlrq vwdwh,1 Krzhyhu/ lw kdv ehhq lqfoxghg lq rughu wr gudz ehwwhu
frpsdulvrq zlwk wkh h{shulphqwv zkhuh skdvh frqmxjdwh vhoi0lqmhfwlrq orfnlqj lv
xvhg1 D 5 zhgjh lv xvhg dv ehdpvsolwwhu1 Wkh wzr uh hfwlrqv duh xvhg iru ehdp
gldjqrvwlfv= rqh iru prqlwrulqj wkh svhxgr idu0hog jhqhudwhg zlwk d ohqv> wkh
rwkhu lv gluhfwhg wr d vshfwurphwhu zlwk d uhvroxwlrq ri 3135 qp1 D frxsolqj orvv
ri dssur{lpdwho| 53( rffxuv ehwzhhq wkh duud| dqg wkh froolpdwlqj ohqv/ dqg
dgglwlrqdoo| 43( lv orvw dw wkh ehdpvsolwwhu/ wkh zdyh sodwh dqg wkh ohqv +5,1 Wkh
h{whuqdo uh hfwru lv sodfhg 943 pp iurp wkh odvhu duud|1 Rqo| rqh oreh lv gluhfwhg
wrzdugv wkh h{whuqdo uh hfwru1 Wkh rwkhu oreh lv slfnhg rxw e| d pluuru sodfhg kdoi
zd| wkurxjk wkh svhxgr idu0hog/ dv vkrzq lq Ilj1 5:1 Ixuwkhupruh/ d vsdwldo owhu
lv lqfoxghg lq wkh h{whuqdo fdylw| doorzlqj rqo| d olplwhg qxpehu ri vsdwldo prghv
wr uhdfk wkh h{whuqdo uh hfwru/ dv ghvfulehg lv Vhf1 8171 Wkh vsdwldo owhu lv iruphg
e| wzr ud}ru eodghv prxqwhg rq wudqvodwlrq vwdjhv/ dqg e| dgmxvwlqj wkh srvlwlrq
ri wkhp glhuhqw duud| prghv fdq eh vhohfwhg1 Lq wkh h{shulphqwv wkh vl}h ri wkh
volw ri wkh vsdwldo owhu fruuhvsrqgv wr * 319 ri wkh idu0hog dqg lv fhqwhuhg dw *
51 Dffruglqj wr Ilj1 9/ wklv phdqv wkdw rqo| rqh duud| zloo sdvv wkh owhu1 Qrwh
wkdw wkh gdvkhg er{ lq Ilj1 5: lv urwdwhg <3 durxqg wkh }0d{lv1
81814 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj zlwk d Pluuru
Iluvw wkh fdvh zkhuh wkh h{whuqdo uh hfwru lv dq ruglqdu| pluuru lv frqvlghuhg1
Iljxuh 5; vkrzv wkh idu0hog ri wkh odvhu duud| iru wkh odwhudo gluhfwlrq1 Zkhq wkh
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Iljxuh 5:1 R0d{lv vhoi0lqmhfwlrq orfnlqj ri d odvhu glrgh duud| xvlqj frqyhqwlrqdo
ihhgedfn1 Wkh h{whuqdo uh hfwru lv hlwkhu d pluuru +d, ru d gludfwlrq judwlqj +e,1
Wkh gdvkhg er{ vkdoo eh urwdwhg <3 durxqg wkh }0d{lv ri wkh odvhu glrgh duud|1
Vsdwldo owhulqj lv dssolhg xvlqj wzr ud}ru eodghv lq wkh h{whuqdo fdylw|1
duud| uxqv iuhho| zlwkrxw dq| ihhgedfn/ dv vhhq lq Ilj1 5;+d,/ wkh idu0hog frqvlvwv
ri vhyhudo vsdwldo prghv/ dqg wkh fkdudfwhulvwlf wzlq0oreh idu0hog lv vphduhg rxw
wr dq doprvw xqlirup udgldwlrq sdwwhuq zlwk dq IZKP ri dssur{lpdwho| 71 Wkh
gulyh fxuuhqw lv 5lwk1 Krzhyhu/ zkhq wkh r0d{lv ihhgedfn lv dssolhg/ wkh duud|
lv irufhg wr rshudwh dw rqh vlqjoh vsdwldo prgh dqg wkh idu0hog fkdqjhv wr wkh
zhoo nqrzq dv|pphwulf wzlq0oreh/ dv vhhq lq Ilj1 5;+e,/ dvvrfldwhg zlwk lqmhfwlrq
orfnlqj1 Wkh IZKP ri wkh rxwsxw oreh lv 3197/ fruuhvsrqglqj wr rqo| 4148 wlphv
wkh gludfwlrq olplw +vhh Vhf1 51815,1 Li wkh gulyh fxuuhqw lv lqfuhdvhg wr 6lwk/ vhyhudo
vsdwldo prghv hphujh/ dqg wkh rxwsxw oreh eurdghqv/ dv fdq eh vhhq lq Ilj1 5;+f,1
Wkh prgh fkdudfwhulvwlfv lq wkh vshfwudo grpdlq duh vkrzq lq Iljv1 5<+d, dqg
+e, iru d gulyh fxuuhqw ri 5lwk1 Lw lv revhuyhg wkdw wkh vshfwuxp iru wkh fdvh zkhuh
ihhgedfn lv dssolhg lv xqdhfwhg e| wkh vsdwldo owhulqj dqg wkh ihhgedfn iurp wkh
pluuru1 Wklv lv reylrxv vlqfh rqo| vsdwldo owhulqj lv dssolhg> wkh pluuru surylghv
qr vshfwudo owhulqj1 Xvlqj wkh uh hfwlrqv iurp wkh ehdpvsolwwhu/ wkh hhfwlyh
uh hfwlylw| ri wkh h{whuqdo fdylw| frxog eh phdvxuhg1 Wkh uh hfwlylw| udqjhg iurp
43( wr 9( iru dq rshudwlqj gulyh fxuuhqw ri 5lwk wr 6lwk1
81815 R0D{lv Vhoi0Lqmhfwlrq Orfnlqj zlwk d Judwlqj
Lq rughu wr qduurz grzq wkh vshfwuxp/ vshfwudo owhulqj pxvw eh dssolhg lq dggl0
wlrq wr wkh vsdwldo owhulqj1 Wklv fdq wr vrph h{whqw eh dfklhyhg e| xvlqj d gli0
iudfwlrq judwlqj lqvwhdg ri d pluuru dv h{whuqdo uh hfwru1 Wkh h{shulphqwdo vhwxs
lv vkrzq lq Ilj1 5:1 Wkh judwlqj xvhg lv d uxohg judwlqj zklfk kdv 4533 olqhv2pp1
Wkh judwlqj lv sodfhg lq d vwdqgdug Olwwurz frqjxudwlrq lq vxfk d zd| wkdw wkh
uvw rughu gludfwlrq lv ihg edfn wrzdugv wkh odvhu duud|1^446` Iljxuhv 63+d,/+e,/
dqg +f, vkrz wkh idu0hog sdwwhuq iru wkh odwhudo gluhfwlrq zkhq wkh odvhu duud|
uxqv iuhho|/ zkhq ihhgedfn lv dssolhg dw d gulyh fxuuhqw ri 5lwk/ dqg zkhq ihhgedfn
lv dssolhg dw d gulyh fxuuhqw ri 6lwk/ uhvshfwlyho|1 Wkh rewdlqhg idu0hogv duh yhu|
vlplodu wr wkh rqhv rewdlqhg zkhq d pluuru lv xvhg dv h{whuqdo uh hfwru1 Vlqfh wkh
vsdwldo owhulqj lv lghqwlfdo iru wkhvh wzr fdvhv/ wklv zdv wr eh h{shfwhg1 Iru d gulyh
fxuuhqw ri 5lwk wkh IZKP ri wkh rxwsxw oreh lv rqo| 319;
/ zklfk fruuhvsrqgv
wr 4156 wlphv wkh gludfwlrq olplw1 Wkh uh hfwlylw| phdvxuhg dw wkh ehdpvsolwwhu
zdv 719( iru d gulyh fxuuhqw ri 5lwk1 Wkh judwlqj dovr surylghv vshfwudo owhulqj
zklfk ohdgv wr vshfwuxp qduurzlqj hhfwv1 Iljxuhv 64+d, dqg +e, vkrz wkh odvlqj
vshfwuxp ri wkh odvhu duud| zkhq wkh ihhgedfn lv dssolhg dqg zkhq lw uxqv iuhho|/
uhvshfwlyho|1 Wkh gulyh fxuuhqw lv 5lwk1 Dw wklv fxuuhqw wkuhh orqjlwxglqdo prghv
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Iljxuh 5;1 Idu0hog sdwwhuq iurp d odvhu glrgh duud| iru wkh odwhudo gluhfwlrq zkhq
r0d{lv vhoi0lqmhfwlrq orfnlqj xvlqj d pluuru dqg vsdwldo owhulqj lv dssolhg1 +d,
Duud| uxqv iuhho|/ gulyh fxuuhqw 5lwk1 +e, Ihhgedfn lv dssolhg/ gulyh fxuuhqw lv 5lwk1
Wkh IZKP ri wkh rxwsxw oreh lv 31971 +f, Ihhgedfn lv dssolhg/ gulyh fxuuhqw lv
6lwk1











































Iljxuh 5<1 Vshfwud ri d odvhu glrgh duud| zkhq r0d{lv vhoi0lqmhfwlrq orfnlqj zlwk
d pluuru dqg vsdwldo owhulqj lv dssolhg1 +d, Ihhgedfn lv dssolhg dw d gulyh fxuuhqw
ri 5lwk1+e, Wkh duud| uxqv iuhho| dw 5lwk1
duh rvfloodwlqj/ dqg wkh edqgzlgwk ri wkh vshfwuxp lv 6 IS * 316 qp1 Iru doo
gulyh fxuuhqwv d vljqlfdqw qduurzlqj ri wkh vshfwuxp lv revhuyhg1 Wklv lv lq vkdus
frqwudvw wr wkh fdvh zlwk wkh pluuru zkhuh qr qduurzlqj hhfwv duh revhuyhg1
Wkh fhqwhu zdyhohqjwk frxog eh frqwuroohg e| wlowlqj wkh judwlqj> wkh orfnhg
vshfwuxp frxog eh vkliwhg ryhu d udqjh ri dssur{lpdwho| 8 qp durxqg ;48 qp1 Li
wkh judwlqj lv wlowhg rxwvlgh wklv udqjh/ wkh prghv fruuhvsrqglqj wr wkh vrolwdu|
odvhu +qr ihhgedfn, zloo hphujh1 Dv h{sodlqhg lq Vhf1 81614/ wkh h{whuqdo fdylw|
dqg wkh odvhu duud| duh rqo| zhdno| frxsohg1 Wkhuhiruh/ wkh vfdqqlqj udqjh lv
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rqo| d ihz qdqrphwhuv1 Wklv vkruw wxqlqj udqjh lv lq frqwudvw wr d odujh wxqlqj
udqjh iru v|vwhpv wkdw duh pruh vwurqjo| frxsohg +dfklhyhg e| xvlqj wkh rq0d{lv
frqjxudwlrq,1 Iru d odvhu duud| lq vxfk d v|vwhp d wxqlqj udqjh ri pruh wkdq 63
qp kdv ehhq uhsruwhg1^448`
































Iljxuh 631 Idu0hog sdwwhuq iurp d odvhu glrgh duud| iru wkh odwhudo gluhfwlrq zkhq
r0d{lv vhoi0lqmhfwlrq orfnlqj xvlqj d gludfwlrq judwlqj dqg vsdwldo owhulqj lv
dssolhg1 +d, Duud| uxqv iuhho|/ gulyh fxuuhqw 5lwk1 +e, Ihhgedfn lv dssolhg/ gulyh
fxuuhqw lv 5lwk1 Wkh IZKP ri wkh rxwsxw oreh lv 319;
1 +f, Ihhgedfn lv dssolhg/
gulyh fxuuhqw lv 6lwk1







































Iljxuh 641 Vshfwud ri d odvhu glrgh duud| zkhq r0d{lv vhoi0lqmhfwlrq orfnlqj zlwk
d gludfwlrq judwlqj dqg vsdwldo owhulqj lv dssolhg1 +d, Ihhgedfn lv dssolhg dw d
gulyh fxuuhqw ri 5lwk1+e, Wkh duud| uxqv iuhho| dw 5lwk1
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9 Vhoi0Lqgxfhg Iuhtxhqf| Vfdqqlqj
Lq wklv fkdswhu zh uhsruw rq wkh h{shulphqwdo revhuydwlrqv ri wkh ehkdylru ri d
odvhu glrgh duud| frxsohg wr d vhoi0sxpshg Fdw frqmxjdwru lq dq rq0d{lv frqj0
xudwlrq1 Wkh sxusrvh ri wkhvh lqyhvwljdwlrqv lv wr xqghuvwdqg wkh ixqgdphqwdo
phfkdqlvpv ri wkh frxsohg v|vwhp1 Wklv xqghuvwdqglqj lv fuxfldo lq wkh surfhvv
ri ghyhorslqj kljk0srzhu odvhu glrgh duud|v zlwk lpsuryhg frkhuhqfh surshuwlhv
dqg kljk vwdelolw| ri wkh rxwsxw udgldwlrq1 Wkh irfxv ri wkh suhvhqw fkdswhu lv rq
d skhqrphqrq nqrzq dv vhoi0lqgxfhg iuhtxhqf| vfdqqlqj wkdw fdq wdnh sodfh lq
vxfk d frxsohg v|vwhp1
Wkh rswlfdo ihhgedfn iurp wkh vhoi0sxpshg skrwruhiudfwlyh skdvh frqmxjdwru
fdq lqgxfh iuhtxhqf| vfdqqlqj ri wkh odvlqj zdyhohqjwk ri d pxowlprgh odvhu1 Wkh
vhoi0vfdqqlqj hhfw kdv ehhq revhuyhg zlwk d JdDoDv odvhu glrgh frxsohg wr d frq0
mxjdwru lq d EdWlR6 fu|vwdo^46;`/ zlwk dq dujrq odvhu^4:<`/ zlwk d g|h odvhu^46:/
473/ 46<`/ dqg zlwk dq DoJdLqS odvhu glrgh1^4;3/ 4;4` Wkh zdyhohqjwk vzhhs fdq
eh dv pxfk dv 6: qp iru d g|h odvhu^473` dqg 43 qp iru d glrgh odvhu ^46;`1 Wkh
vfdqqlqj skhqrphqrq kdv prvwo| ehhq revhuyhg^4:</ 46:/ 473/ 46</ 4;3/ 4;4` zlwk
d skdvh frqmxjdwh pluuru duudqjhg lq wkh Fdw jhrphwu|/ lq zklfk wkh ehdp xq0
ghujrhv wrwdo lqwhuqdo uh hfwlrq lq wkh EdWlR6 fu|vwdo/ exw kdv dovr dsshduhg^46;`
zlwk wkh fu|vwdo lq wkh ulqj jhrphwu| ^489`1 Lw kdv uhfhqwo| ehhq revhuyhg wkdw wkh
iuhtxhqf| vfdqqlqj grhv qrw wdnh sodfh zkhq d orz0srzhu glrgh odvhu lv frxsohg wr
d vwlpxodwhg skrwruhiudfwlyh edfnvfdwwhulqj skdvh frqmxjdwru1^4;4` Wkh idfw wkdw
wkh iuhtxhqf| vfdqqlqj wdnhv sodfh zlwk vr pdq| glhuhqw w|shv ri odvhuv fohduo| lq0
glfdwhv wkdw wkh vfdqqlqj lv gxh wr vrph fkdudfwhulvwlfv ri wkh vhoi0sxpshg skdvh
frqmxjdwh pluuru +SFP,1 Wkh h{dfw phfkdqlvp dqg wkh sk|vlfdo ruljlq ri wkh
iuhtxhqf| vfdqqlqj surfhvv kdyh qrw ehhq hvwdeolvkhg |hw1 Krzhyhu/ lq Fkdswhu
: qxphulfdo vlpxodwlrqv zloo vkrz wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh
EdWlR6 lv wkh sk|vlfdo ruljlq ri wkh vfdqqlqj surfhvv1
Wkh vwuxfwxuh ri wklv fkdswhu lv dv iroorzv= Lq Vhf1 914 dq lqwurgxfwlrq wr wkh
skhqrphqrq iuhtxhqf| vfdqqlqj lv jlyhq1 Zh uhsruw h{shulphqwdo revhuydwlrqv
ri wkh frxsohg v|vwhp1 Wkh revhuydwlrqv lqfoxgh wkh ghshqghqfh ri wkh lqwhqvlw|
lqvlgh wkh EdWlR6 fu|vwdo rq wkh iuhtxhqf| vfdqqlqj +Vhf1 915,/ dqg wkh ghshqghqfh
ri wkh skdvh frqmxjdwh uh hfwlylw| ri wkh frqmxjdwru rq wkh iuhtxhqf| vfdqqlqj
+Vhf1 916,1 Wkhvh revhuydwlrqv vkrz wkdw wkh iuhtxhqf| vfdqqlqj kdv lwv ruljlq lq
wkh skrwruhiudfwlyh surfhvv1 Lq Vhf1 917 lw lv hvwdeolvkhg wkdw wkh rulhqwdwlrq ri
wkh lqwhuqdo ehdp sdwk lqvlgh wkh Fdw frqmxjdwru fkdqjhv gxulqj wkh iuhtxhqf|
vfdqqlqj/ zklfk vxjjhvwv wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6
fu|vwdo sod|v dq lpsruwdqw uroh lq wkh vfdqqlqj phfkdqlvp1 Lq Vhf1 918 zh suhvhqw
d whfkqltxh iru wkh vxssuhvvlrq ri wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj zlwk wkh xvh
ri vr0fdoohg frxqwhuedodqfhg glvshuvlrq1 Wkh vxssuhvvlrq ri wkh vfdqqlqj lqfuhdvhv
wkh zdyhohqjwk vwdelolw| vljqlfdqwo|1 Wkh vxffhvvixo vxssuhvvlrq dovr yhulhv wkdw
wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|vwdo lv fuxfldo iru wkh vfdqqlqj
surfhvv1 Ilqdoo|/ lq Vhf1 919 zh ghvfuleh wkh glhuhqfhv ehwzhhq wkh iuhtxhqf|
vfdqqlqj lq wkh r0d{lv frqjxudwlrq dv frpsduhg zlwk wkh rq0d{lv frqjxudwlrq1
Vhfwlrq 91: vxppdul}hv wkh uhvxowv1
914 H{shulphqwdo Vhwxs 0 Rq0D{lv Frqjxudwlrq
Wkh h{shulphqwdo vhwxs lv vkrzq lq Ilj1 4;1 Wkh odvhu glrgh duud| lv d JdDoDv
430vwulsh jdlq0jxlghg ghylfh +duud| L 0 vhh Dsshqgl{ D,/ zlwk d 433 p zlgh
hplwwlqj mxqfwlrq1 Lw lv whpshudwxuh frqwuroohg zlwk d showlhu hohphqw1 Wkh duud|
kdv d wkuhvkrog ri 315; dps +@ lwk, dqg d pd{lpxp rxwsxw srzhu ri 318 zdww dw
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31< dps +615lwk,1 Wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp dw 58
F lv ;48 qp1 Wkh
ukrglxp grshg EdWlR6 fu|vwdo lv Eoxh LL/ zklfk lv d 78
0fxw fu|vwdo1 Wkh rxwsxw
ehdp lv froolpdwhg zlwk d ohqv wkdw kdv d irfdo ohqjwk ri 718 pp1 Wkh froolpdwhg
ehdp lv irfxvhg lqwr wkh fu|vwdo e| phdqv ri dq dfkurpdw ohqv zlwk d irfdo ohqjwk
ri ;3 pp/ zklfk lv sodfhg 573 pp iurp wkh rxwsxw idfhw ri wkh odvhu duud|1 Doo
wkh rxwsxw ri wkh odvhu duud| lv gluhfwhg wr wkh fu|vwdo lq wkh rq0d{lv frqjxudwlrq1
Wkh ohqjwk ri wkh h{whuqdo fdylw| lv Oh{w @ 696 pp1 Wkh dqjoh ri lqflghqfh dw
wkh fu|vwdo lv 871 Wkh fhqwhu ri wkh fu|vwdo lv sodfhg 454 pp diwhu wkh sodqh ri
wkh ohqv wkdw lv xvhg wr irfxv wkh ehdp lqwr wkh fu|vwdo1 Wkh vsrw vl}h phdvxuhg
dw wkh srvlwlrq fruuhvsrqglqj wr wkh fhqwhu ri wkh fu|vwdo lv 5145  3194 pp51
Wkh uh hfwlrq ri wkh ehdpvsolwwhu lv gluhfwhg wr d vshfwuxp dqdo|}hu lq rughu wr
prqlwru wkh vshfwuxp ri wkh odvhu glrgh duud|1
D ihz vhfrqgv diwhu wkh fu|vwdo kdv ehhq looxplqdwhg/ d Fdw jhrphwu| zloo eh
iruphg lq wkh fu|vwdo dqg wkh frqmxjdwru zloo vwduw wr gluhfw oljkw +rswlfdo ihhgedfn,
edfn wr wkh odvhu duud|1 Wklv ihhgedfn prglhv wkh odvlqj vshfwuxp1 Iljxuhv 65+d0k,
glvsod| krz wkh odvlqj vshfwuxp lv lq xhqfhg e| wkh ihhgedfn dv wlph hodsvhv1
Iljxuh 65+d, vkrzv wkh odvlqj vshfwuxp dw wlph w @ 3/ uljkw ehiruh wkh Fdw
jhrphwu| kdv ehhq iruphg +wkh odvhu duud| uxqv iuhho|,1 Iljxuh 65+e, vkrzv wkh
vshfwuxp dw w @ 5 v/ zkhuh wkh vshfwuxp vwduwv wr qduurz grzq wr ihzhu orqjl0
wxglqdo prghv gxh wr wkh lqfuhdvhg uh hfwlylw| ri wkh Fdw frqmxjdwru1 Zkhq wkh
vshfwuxp kdv ehhq qduurzhg grzq wr d ihz orqjlwxglqdo prghv/ dv vhhq lq Ilj1
65+f,/ wkh vshfwuxp vwduwv wr vfdq wrzdugv d orqjhu zdyhohqjwk/ dv vhhq lq Ilj1
65+g,1 Wkh vshfwuxp frqwlqxhv wr vfdq wrzdugv d orqjhu zdyhohqjwk/ dv vhhq lq
Ilj1 65+h,> krzhyhu/ lw hyhqwxdoo| frph wr d pd{lpxp zdyhohqjwk dqg wkh vfdq0
qlqj vwrsv1 Zkhq wkh vshfwuxp duulyhv dw wklv pd{lpxp zdyhohqjwk/ wkh qdwxudo
prghv +iuhho| uxqqlqj, ri wkh odvhu duud| zloo vwduw wr hphujh djdlq/ dv vhhq lq
Ilj1 65+i,1 Wkh iuhho| uxqqlqj prghv zloo wkhq whqg wr hudvh wkh skrwruhiudfwlyh
judwlqjv lq wkh EdWlR6 fu|vwdo wkdw zloo hyhqwxdoo| uhgxfh wkh uh hfwlylw| ri wkh
Fdw frqmxjdwru1 Wkh uhgxfhg uh hfwlylw| fdq qr orqjhu pdlqwdlq rvfloodwlrq dw wkh
pd{lpxp zdyhohqjwk/ dv vhhq lq Ilj1 65+j,/ dqg wkh vxssuhvvlrq ri wkh iuhho| uxq0
qlqj prghv frphv wr dq hqg1 Wkh iuhho| uxqqlqj prghv jurz lq dpsolwxgh dqg
uhgxfh wkh uh hfwlylw| ri wkh Fdw frqmxjdwru wr }hur dqg/ dv d uhvxow/ wkh vshfwuxp
ehfrphv iuhho| uxqqlqj +Ilj1 65+k,,1 Iljxuhv 65+d0k, fruuhvsrqg wr rqh vfdq f|foh1
Diwhu d ihz vhfrqgv wkh Fdw jhrphwu| zloo eh exlow xs djdlq dqg wkh vfdq f|foh lv
uhshdwhg1 Wkh vfdqqlqj fdq eh fkdudfwhul}hg dv wkh vshfwuxp wdnhv rqh *vwhs* dw d
wlph1 Wklv vwhs fruuhvsrqgv wr rqh orqjlwxglqdo prgh vsdflqj +IS ,> rqh orqjl0
wxglqdo prgh hphujhv lq iurqw ri wkh vfdqqlqj vshfwuxp +orqjhu zdyhohqjwk, zkloh
dqrwkhu orqjlwxglqdo prgh ehklqg wkh vshfwuxp +vkruwhu zdyhohqjwk, ghfuhdvhv lq
dpsolwxgh dqg/ hyhqwxdoo|/ vwrs wr rvfloodwh1
Iljxuh 66+d, vkrzv wkh fhqwhu zdyhohqjwk ri wkh vfdqqlqj vshfwuxp dv d ixqfwlrq
ri wlph1 Lq wrwdo hljkw vfdq f|fohv duh vkrzq1 Lq Iljv1 66+e, dqg +f, wkh fruuhvsrqg0
lqj uh hfwlylw| ri wkh Fdw frqmxjdwru dqg wkh wrwdo rxwsxw srzhu iurp wkh odvhu
duud|/ uhvshfwlyho|/ duh vkrzq1 Rqo| vfdqqlqj wrzdugv d orqjhu zdyhohqjwk +uhg, lv
revhuyhg1 Wkh vshfwuxp zrxog/ krzhyhu/ rffdvlrqdoo| vfdq d iudfwlrq ri d qdqrph0
whu wrzdugv d vkruwhu zdyhohqjwk +eoxh, ru pdnh d vwrs iru d vkruw zkloh ehiruh
uhvxplqj wkh vfdqqlqj wrzdugv wkh uhg1 Wkh pd{lpxp vfdq udqjh revhuyhg lv ;
qp1 Wkh dqjoh ri lqflghqfh/ wkh srvlwlrq ri wkh ehdp dw wkh fu|vwdo vxuidfh/ dqg
wkh lqwhqvlw| doo dhfw wkh vfdq udwh +zdyhohqjwk vkliw shu xqlw wlph,1 Wkh skdvh
frqmxjdwh ihhgedfn fdxvhv wkh wrwdo rxwsxw srzhu ri wkh odvhu duud| wr ydu| zlwk
wlph1 Wkh yduldwlrq lv dssur{lpdwho| 	8( ri wkh dyhudjh rxwsxw srzhu1 Dv fdq
eh vhhq lq Ilj1 66+e,/ wkh ohqjwk ri rqh vfdq f|foh ydulhv ryhu wlph1
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812 813 814 815 816 817 818
(h) t = 14 s
(g) t = 12 s
(f) t = 10 s
(e) t = 8 s
(d) t = 6 s
(c) t = 4 s
(b) t = 2 s














Iljxuh 651 W|slfdo vshfwuxp ri d odvhu glrgh duud| frxsohg wr d vhoi0sxpshg Fdw
frqmxjdwru lq wkh rq0d{lv frqjxudwlrq1 Wkh rswlfdo ihhgedfn fdxvhv wkh vshfwuxp
wr qduurz grzq wr d ihz orqjlwxglqdo prghv dqg wr vfdq wrzdugv orqjhu zdyhohqjwk1
Dw d fhuwdlq zdyhohqjwk wkh vfdqqlqj fhdvhv dqg vkruwo| diwhu wkh uh hfwlylw| ri wkh
Fdw frqmxjdwru lv uhgxfhg wr }hur fdxvlqj wkh odvhu duud| wr ehfrph iuhho| uxqqlqj1
Wkh Fdw frqmxjdwru exlogv xs djdlq dqg wkh vfdqqlqj surfhvv uhshdwv lwvhoi1
915 Wkh Ghshqghqfh ri Lqwhqvlw| rq Vfdq Udwh
Wkh vfdq udwh ghshqgv rq wkh lqwhqvlw| ri wkh lqflghqw ehdp lqvlgh wkh skrwruh0
iudfwlyh fu|vwdo1 Iljxuh 67 vkrzv wkh vfdq udwh +zdyhohqjwk vkliw shu xqlw wlph,
dv d ixqfwlrq ri lqwhqvlw| dw wkh fu|vwdo1 Wkh vfdq udwh lv ghwhuplqhg e| wwlqj d
olqhdu ixqfwlrq wr rqh f|foh ri wkh zdyhohqjwk yhuvxv wkh wlph judsk +Ilj1 66+d,,1
Wkh vfdq udwh sorwwhg lq Ilj1 67 kdv ehhq fdofxodwhg dv dq dyhudjh ri wkh vfdq udwh
ghwhuplqhg iru 53 wr 73 vfdq f|fohv +wkh huuru eduv duh wkh vwdqgdug ghyldwlrq,1 Lq
Ilj1 67 wkh pd{lpxp skdvh uh hfwlylw| revhuyhg gxulqj doo ri wkh 53 wr 73 vfdq
f|fohv lv dovr vkrzq1 Wkh lqwhqvlw| dw wkh fu|vwdo kdv ehhq dxjphqwhg e| lqfuhdvlqj
wkh gulyh fxuuhqw ri wkh odvhu glrgh duud|1 Wkh vfdq udwh lqfuhdvhv dv wkh lqwhqvlw|
dw wkh fu|vwdo lv dxjphqwhg1
Li wkh vfdqqlqj surfhvv lv gxh wr wkh skrwruhiudfwlyh surfhvv/ wkh vfdq udwh
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Iljxuh 661 Odvhu glrgh duud| frxsohg wr d vhoi0sxpshg Fdw frqmxjdwru lq wkh rq0
d{lv frqjxudwlrq1 Wkh rswlfdo ihhgedfn fdxvhv wkh vshfwuxp wr vfdq wrzdugv orqjhu
zdyhohqjwk1 +d, Wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp dv d ixqfwlrq ri wlph1 +e,
Wkh uh hfwlylw| ri wkh Fdw frqmxjdwru dv d ixqfwlrq ri wlph1 +g, Wkh rxwsxw srzhu
ri wkh odvhu glrgh duud| dv d ixqfwlrq ri wlph1
zloo ghshqg rq wkh uhvsrqvh wlph ri wkh fu|vwdo/ vlqfh lw wdnhv d fhuwdlq dprxqw
ri wlph iru wkh judwlqj vwuxfwxuh wr dgmxvw dv wkh zdyhohqjwk fkdqjhv gxulqj
d vfdq f|foh1 Wkh uhvsrqvh wlph ri wkh fu|vwdo lv lqyhuvho| sursruwlrqdo wr wkh
skrwrfrqgxfwlylw|1^;3` Lqyhvwljdwlrqv kdyh vkrzq wkdw wkh skrwrfrqgxfwlylw| lq
jhqhudo grhv qrw vfdoh olqhduo| zlwk wkh oljkw lqwhqvlw| +L,/ exw lv sursruwlrqdo wr
L
{ zkhuh { ydulhv iurp fu|vwdo wr fu|vwdo +{ * 3=8  4=3,1^94/ 93` Wkh suhvhqfh ri
vhfrqgdu| fhqwhuv lq wkh fu|vwdo ohdgv wr { ? 41^94` Li wkh vfdq udwh ghshqgv olqhduo|
rq wkh uhvsrqvh wlph ri wkh fu|vwdo/ rqh zrxog h{shfw wkh iroorzlqj uhodwlrq
vfdq udwh  L{= +66,
Wkh vrolg olqh lq Ilj1 67 lv wkh L{ w wr wkh vfdq udwh yhuvxv wkh lqwhqvlw|1
Wkh wwlqj surfhgxuh |lhogv { @ 414 	 3139 dqg/ frqvhtxhqwo|/ zh dvvxph { @ 41
Wklv qxpehu lv lq djuhhphqw zlwk uhsruwhg gdwd wkdw vkrzhg wkdw lq d ukrglxp
grshg EdWlR6 fu|vwdo wkh uhvsrqvh wlph lv lqyhuvho| sursruwlrqdo wr wkh lqwhqvlw|
+l1h1 { @ 4, iru lqwhqvlwlhv kljkhu wkdq  68 pZ2pp51^:3` Pruhryhu/ h{shulphqwdo
lqyhvwljdwlrqv ri ukrglxp grshg EdWlR6 kdyh uhyhdohg wkdw { @ 41^:5` Rqh vkrxog
qrwh wkdw wklv ghprqvwudwhv wkdw rxu ukrglxp grshg fu|vwdo pd| eh ghvfulehg e|
wkh rqh fhqwhu prgho1 Wkh idfw wkdw wkh sursruwlrqdolw| jlyhq e| Ht1 66 lv ixooohg
vxjjhvwv wkdw wkh vfdq udwh grhv lqghhg kdyh lwv ruljlq lq wkh skrwruhiudfwlyh
surfhvv1
Iurp Ilj1 67 lw lv vhhq wkdw wkh pd{lpxp skdvh frqmxjdwh uh hfwlylw| lv gh0
fuhdvhg dv wkh lqwhqvlw| lv lqfuhdvhg1 Wklv phdqv wkdw wkh ihhgedfn frh!flhqw +x,
lv dovr ghfuhdvhg zlwk lqfuhdvlqj lqwhqvlw|1 Wkh vfdq vhhpv wr eh xqdhfwhg e| wkh
uhgxfhg uh hfwlylw| vlqfh wkh vfdq udwh iroorzv wkh L{ ehkdylru uhjdugohvv ri wkh
pd{lpxp skdvh frqmxjdwh uh hfwlylw|1 Lq rwkhu zrugv= wkh revhuydwlrq lqglfdwhv
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wkdw wkh vfdq udwh grhv qrw ghshqg rq wkh skdvh frqmxjdwh uh hfwlylw|1 Wklv zloo
eh glvfxvvhg lq wkh iroorzlqj vhfwlrq1






































Power at crystal [mW]
Iljxuh 671 Vfdq udwh dqg pd{lpxp skdvh frqmxjdwh uh hfwlylw| yhuvxv lqwhqvlw| dw
wkh fu|vwdo1 Wkh vrolg olqh lv wkh L{ w wr wkh vfdq udwh yhuvxv lqwhqvlw|1 Wkh wwlqj
|lhogv { @ 4=4	 3=391 Wkh vsrw vl}h lv 5145  3194 pp51
916 Wkh Ghshqghqfh ri Uh hfwlylw| rq Vfdq Udwh
Lw lv ri juhdw lqwhuhvw wr nqrz zkhwkhu wkh vfdq udwh ghshqgv rq wkh skdvh frqmxjdwh
uh hfwlylw|1 Li wkh vfdq udwh lv lqghshqghqw ri wkh uh hfwlylw|/ wkh SFP lv wkh
vrxufh ri wkh vfdqqlqj surfhvv> iru wklv vlwxdwlrq wkh SFP ehkdyhv olnh d iuhtxhqf|
ghshqghqw uh hfwlqj ghylfh +wkh uh hfwlylw| ghshqgv rq wkh iuhtxhqf|, wkdw vhhgv
dq dpsolhu +vhoi0lqmhfwlrq orfnlqj,1 Krzhyhu/ li wkh vfdq udwh ghshqgv rq wkh
uh hfwlylw|/ wkh vfdqqlqj surfhvv pd| lqvwhdg dulvh gxh wr d phfkdqlvp ri wkh
frxsohg fdylwlhv1
Lq rughu wr lqyhvwljdwh zkhwkhu wkh vfdq udwh ghshqgv rq wkh skdvh frqmxjdwh
uh hfwlylw| ru qrw/ d qhxwudo ghqvlw| owhu lv sodfhg lq wkh h{whuqdo fdylw|1 Wkh
qhxwudo ghqvlw| owhu kdv d wudqvplvvlrq ri 83(/ zklfk phdqv wkdw kdoi ri wkh
srzhu lv devruehg e| wkh owhu1 Iru d jlyhq gulyh fxuuhqw wr wkh odvhu glrgh duud|
wkh lqwhqvlw| dw wkh fu|vwdo lv uhgxfhg e| kdoi frpsduhg zlwk wkh fdvh zkhuh
wkh qhxwudo ghqvlw| owhu lv uhpryhg1 Pruhryhu/ gxh wr wkh qhxwudo ghqvlw| owhu/
wkh skdvh frqmxjdwh ihhgedfn zloo dovr eh kdoyhg e| wkh wlph lw hqwhuv wkh odvhu
duud|1 Wklv phdqv wkdw li wkh uh hfwlylw| ri wkh Fdw frqmxjdwru lv frqvwdqw iru doo
lqwhqvlwlhv/ wkh ihhgedfn frh!flhqw +x, zloo eh uhgxfhg e| d idfwru ri 55 @ 71 Iru
h{dpsoh/ wkh odvhu duud| hplwv 433 pZ dqg wkh skdvh frqmxjdwh uh hfwlylw| lv 43(1
Wklv phdqv wkdw wkh 43 pZ lv uhwxuqhg wr wkh odvhu duud| li wkh qhxwudo owhu lv
qrw lqfoxghg1 Krzhyhu/ li wkh qhxwudo ghqvlw| owhu lv sodfhg lq wkh h{whuqdo fdylw|/
rqo| 83 pZ zloo uhdfk wkh fu|vwdo> li wkh skdvh frqmxjdwh uh hfwlylw| lv vwloo 43(/
wkhq 518 pZ zloo hyhqwxdoo| eh uhwxuqhg wr wkh odvhu duud|1 Wklv ghprqvwudwhv
wkdw wkh ihhgedfn frh!flhqw zloo eh uhgxfhg e| d idfwru ri irxu1
Iljxuh 68 vkrzv wkh vfdq udwh dv d ixqfwlrq ri wkh lqwhqvlw| dw wkh fu|vwdo zkhq
wkh qhxwudo ghqvlw| owhu lv lqfoxghg lq wkh h{whuqdo fdylw|1 Lq wkh jxuh zh dovr
vkrz wkh pd{lpxp skdvh frqmxjdwh uh hfwlylw| phdvxuh lq iurqw ri wkh fu|vwdo/ l1h1
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wkh devruswlrq lq wkh qhxwudo ghqvlw| owhu kdv qrw ehhq ghgxfwhg1 Wkh vrolg olqh
lv wkh L{ w wr wkh vfdq udwh dv d ixqfwlrq ri wkh lqwhqvlw|1 Wkh wwlqj surfhgxuh
|lhogv { @ 31<; 	 31491 Vlplodu wr wkh fdvh zlwk qr qhxwudo ghqvlw| owhu/ wklv
vxjjhvwv wkdw { @ 41 Vlqfh wkh pd{lpxp skdvh frqmxjdwh uh hfwlylw| lv lq jhqhudo
orzhu wkdq iru wkh fdvh zkhuh wkh qhxwudo ghqvlw| owhu lv qrw lqfoxghg +Ilj1 67,/
wkh ihhgedfn frh!flhqw lv dw ohdvw uhgxfhg zlwk d idfwru ri irxu1 Wkh grwwhg olqh
lq Ilj1 68 lv wkh L{ w +{ @ 414 	 3139, wdnhq iurp Ilj1 671 Wkh wzr wv +vrolg dqg
grwwhg olqhv, duh yhu| vlplodu/ zklfk vkrzv wkdw wkh vfdq udwh grhv qrw ghshqg
rq wkh ihhgedfn ohyho exw rq wkh lqwhqvlw|/ l1h1 wkh uhvsrqvh wlph ri wkh fu|vwdo1
Lq frqfoxvlrq/ lw uhyhdov wkdw wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj lv fdxvhg e| wkh
skrwruhiudfwlyh surfhvv lq wkh frqmxjdwru dqg qrw e| d phfkdqlvp ri wkh frxsohg
fdylwlhv1
D yhu| zhdn ihhgedfn ohyho zloo qrw fdxvh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj/ exw
zloo dw wkh prvw mxvw prgli| wkh qxpehu ri rvfloodwlqj orqjlwxglqdo prghv1 Wkh
revhuydwlrqv khuh/ krzhyhu/ vxjjhvw wkdw wkh iuhtxhqf| vfdqqlqj wdnhv sodfh zkhq
wkh skdvh frqmxjdwh uh hfwlylw| ehfrphv vx!flhqwo| odujh1 Wkh h{dfw wkuhvkrog
ohyho iru vfdqqlqj wr wdnh sodfh kdv qrw ehhq hvwdeolvkhg/ exw wkh gdwd lq Ilj1 67
lqglfdwh wkdw uhjxodu vfdq f|fohv rffxu zkhq Uh{w A Urxw +Urxw * 3137 iru duud|
L,1 Krzhyhu/ zh kdyh revhuyhg vfdqqlqj iru Uh{w  31341








































Iljxuh 681 Vfdq udwh dqg pd{lpxp skdvh frqmxjdwh uh hfwlylw| yhuvxv lqwhqvlw| dw
wkh fu|vwdo1 D qhxwudo ghqvlw| owhu zlwk d wudqvplvvlrq ri 318 kdv ehhq sodfhg lq
wkh h{whuqdo fdylw| lq rughu wr uhgxfh wkh ihhgedfn ohyho1 Wkh vrolg olqh lv wkh L{
w wr wkh vfdq udwh yhuvxv lqwhqvlw|1 Wkh wwlqj |lhogv { @ 3=<;	 3=491 Wkh grwwhg
olqh lv wkh L{ w wdnhq iurp Ilj1 671
917 Wkh Lqwhuqdo Ehdp Sdwk gxulqj Vfdqqlqj
Edvhg rq wkh ghshqghqfh ri wkh lqwhqvlw| rq wkh vfdq udwh dqg wkh idfw wkdw wkh
vfdq udwh lv lqghshqghqw ri wkh skdvh frqmxjdwh uh hfwlylw|/ lw kdv ehhq hvwde0
olvkhg wkdw wkh vfdqqlqj surfhvv lv forvho| uhodwhg wr wkh skrwruhiudfwlyh surfhvv1
Gxulqj rqh vfdq f|foh wkh zdyhohqjwk fkdqjhv vhyhudo qdqrphwhuv dqg wkh dqjoh
ri uhiudfwlrq +u, dw wkh dlu fu|vwdo lqwhuidfh zloo wkhuhiruh dovr fkdqjh gxulqj d
vfdq f|foh1 Lq rughu wr jhw dq xqghuvwdqglqj ri wkh ixqgdphqwdo phfkdqlvpv ri
wkh frqmxjdwru/ zh zdqw wr lqyhvwljdwh zkhwkhu wkh ehdp sdwk lqvlgh wkh fu|vwdo
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fkdqjhv gxulqj d vfdq f|foh1 Li wklv lv wkh fdvh/ wkh iuhtxhqf| pdwhuldo glvshuvlrq
zloo sod| dq lpsruwdqw uroh lq wkh vfdqqlqj surfhvv1 Lq wklv vhfwlrq zh lqyhvwljdwh
wkh rulhqwdwlrq ri wkh lqwhuqdo orrs gxulqj d vfdq f|foh1
Zh kdyh uhfrughg wkh lqwhuqdo ehdp sdwk lq wkh fu|vwdo zlwk d ylghr fdphud
sodfhg deryh wkh fu|vwdo1 Iljxuh 4<+e, vkrzv dq h{dpsoh ri vxfk d uhfrughg lpdjh1
Krzhyhu/ iru wkh phdvxuhphqwv shuiruphg khuh wkh fdphud zdv srvlwlrqhg vr wkdw
wkh ixoo hog ri ylhz rqo| fryhuhg rqh txduwhu ri wkh fu|vwdo fruuhvsrqglqj wr
wkh lqwhuqdo orrs lq wkh orzhu uljkw fruqhu +vhh Ilj1 4<+e,,1 Ryhu d shulrg ri ;3
vhfrqgv dq lpdjh zdv uhfrughg hyhu| wzr vhfrqgv1 Gxulqj wkh ;3 vhfrqgv/ wkh
odvhu v|vwhp shuiruphg wkuhh vfdq f|fohv1 Wkh lpdjhv zhuh gljlwl}hg dqg vwruhg
rq d frpsxwhu> wkh irupdw ri wkh lpdjhv lv 7;3  973 sl{hov1 Gxulqj d vfdq f|foh
wkh ehdp odphqwv zloo fkdqjh/ l1h1 vrph zloo ydqlvk dqg rwkhuv zloo hphujh dv
wlph hodsvhv1 Krzhyhu/ dv d zkroh wkh odphqwv duh wr vrph h{whqw sdudooho/ dv
fdq eh vhhq lq Ilj1 4<+e,1 Wkh sxusrvh ri wkhvh uhfruglqjv lv wr ghwhuplqh wkh
rulhqwdwlrq ri wkh lqwhuqdo orrs dv d ixqfwlrq ri wlph1 Wklv lv grqh lq wkh iroorzlqj
zd|1 Iluvw zh shuirup dq hgjh ghwhfwlrq surfhvv rq wkh 73 gljlwl}hg lpdjhv1 Wkh
hgjh ghwhfwlrq dojrulwkp lv ghvfulehg lq Uhi1 ^4;5`1 Wkh ghwhfwhg hgjhv lq dq
lpdjh irup wr vrph h{whqw vwudljkw olqhv1 Wkh rulhqwdwlrq ri rqh ghwhfwhg hgjh lv
ghwhuplqhg e| fdofxodwlqj wkh rulhqwdwlrq ri wkh ehvw olqhdu w wr wkh hgjh1 Qh{w/
wkh rulhqwdwlrq ri wkh lqwhuqdo orrs lv fdofxodwhg dv wkh dyhudjh ri wkh rulhqwdwlrq
ri doo wkh ghwhfwhg hgjhv1 Wklv lv shuiruphg iru doo 73 lpdjhv1
Iljxuh 69 vkrzv wkh rulhqwdwlrq ri wkh lqwhuqdo orrs dv d ixqfwlrq ri wlph1 Wkh
rulhqwdwlrq lv jlyhq lq ghjuhhv1 Wkh rulhqwdwlrq dqjoh lv phdvxuhg ehwzhhq wkh
gluhfwlrq ri wkh lqwhuqdo orrs dqg wkh qrupdo ri wkh fu|vwdo vxuidfh zkhuh wkh
ehdp hqwhuv wkh fu|vwdo1


























Iljxuh 691 Rulhqwdwlrq ri wkh lqwhuqdo orrs lq d vhoi0sxpshg Fdw frqmxjdwru1 Wkh
rulhqwdwlrq lv jlyhq dv dq dqjoh1 Wkh dqjoh lv phdvxuhg ehwzhhq wkh gluhfwlrq ri
wkh lqwhuqdo orrs dqg wkh qrupdo ri wkh fu|vwdo vxuidfh zkhuh wkh ehdp hqwhuv wkh
fu|vwdo1 Wkh ixoo wlph shulrg +30;3 v, fruuhvsrqgv wr wkuhh vfdq f|fohv1
Lw lv vhhq iurp wkh jxuh wkdw wkh rulhqwdwlrq ri wkh lqwhuqdo orrs fkdqjhv dv
wlph sdvvhv1 Dw wlph w @ 3 wkh odvhu uxqv iuhho|/ dqg dw w  63 vhfrqgv wkh vfdqqlqj
vshfwuxp kdv uhdfkhg wkh pd{lpxp zdyhohqjwk lq wkh uvw vfdq f|foh1 Wkh shulrg
w @ 30;3 vhfrqgv vkrxog eh frpsduhg zlwk wkuhh vfdq f|fohv lq Ilj1 661 Gxulqj wkh
vfdq f|fohv/ wkh rulhqwdwlrq iroorzv d uhjxodu f|foh wkdw lv v|qfkurql}hg zlwk wkh
fkdqjh lq zdyhohqjwk1 Dv wkh zdyhohqjwk ehfrphv orqjhu/ wkh rulhqwdwlrq dqjoh
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lv ghfuhdvhg1 Wklv fdq eh xqghuvwrrg lq whupv ri wkh glvshuvlrq ri wkh fu|vwdo1
Wkh uhiudfwlyh lqgh{ lq wkh EdWlR6 fu|vwdo lv ghshqghqw rq wkh rswlfdo iuhtxhqf|
+glvshuvlrq, dqg/ frqvhtxhqwo|/ wkh dqjoh ri uhiudfwlrq +u, dw wkh dlu fu|vwdo lq0
whuidfh lv lqfuhdvhg dv wkh zdyhohqjwk ehfrphv orqjhu1 Lq rughu wr pdlqwdlq wkh
vdph rulhqwdwlrq ri wkh judwlqj yhfwruv 0 zklfk zh pd| dvvxph jlyhv wkh kljkhvw
ehdp frxsolqj ^4;6` 0 wkh rulhqwdwlrq dqjoh ri wkh lqwhuqdo orrs pxvw vxevhtxhqwo|
dovr ghfuhdvh1 Wklv lv lq djuhhphqw zlwk wkh gdwd vkrzq lq Ilj1 691 Wkh rulhq0
wdwlrq dqjoh fkdqjhv e| doprvw 51 Wkh dqjxodu glvshuvlrq dw ;46 qp lv rq wkh
rughu ri Cu@C @ 51;43
8
udg2qp +vhh Dsshqgl{ G,1 Li wkh zdyhohqjwk gxulqj
rqh vfdq f|foh fkdqjhv/ h1j1 9 qp/ wkh dqjxodu fkdqjh lv rqo| u * 31341 Li wkh
Fdw frqmxjdwru wulhv wr pdlqwdlq wkh vdph rulhqwdwlrq ri wkh judwlqj yhfwruv/ dqg
frpshqvdwhv d fkdqjh lq u e| dgmxvwlqj wkh rulhqwdwlrq ri wkh lqwhuqdo orrs/ wklv
vpdoo fkdqjh ri u * 3134
 fdqqrw h{sodlq wkh kxjh fkdqjh lq wkh rulhqwdwlrq
dqjoh ri doprvw 51 Krzhyhu/ lq frqfoxvlrq wkh rulhqwdwlrq ri wkh ehdp sdwk lq
wkh fu|vwdo fkdqjhv gxulqj vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1 Lq Vhf1 918 lw zloo eh
vkrzq wkdw hyhq wkrxjk wkh hhfw ri wkh glvshuvlrq lv vpdoo/ lw wxuqv rxw wkdw wkh
glvshuvlrq grhv sod| d fuxfldo uroh lq wkh phfkdqlvp ri iuhtxhqf| vfdqqlqj1
918 Vxssuhvvlrq ri Vfdqqlqj Xvlqj Frxqwhuedo0
dqfhg Glvshuvlrq
Lq wklv vhfwlrq zh lqyhvwljdwh d odvhu glrgh duud| frxsohg wr d vhoi0sxpshg skdvh
frqmxjdwru edvhg rq d EdWlR6 fu|vwdo duudqjhg lq wkh Fdw jhrphwu|1 Zh lqwur0
gxfh d qhz frqfhsw= frxqwhuedodqfhg glvshuvlrq1 Zh vkrz wkdw frxqwhuedodqfhg
glvshuvlrq fdq eh xvhg wr vxssuhvv wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj dqg wr
vwdelol}h wkh rxwsxw1 Wkh lqgh{ ri uhiudfwlrq ri wkh EdWlR6 fu|vwdo lv ghshqghqw
rq wkh rswlfdo iuhtxhqf| +glvshuvlrq, dqg zh lqyhvwljdwh krz wkh iuhtxhqf| vfdq0
qlqj lv dowhuhg e| wkh dqjxodu glvshuvlrq ri wkh glhuhqw rswlfdo hohphqwv lqvhuwhg
lqwr wkh h{shulphqwdo vhwxs1 H{shulphqwdo gdwd wkdw ghprqvwudwh wkh frqfhsw duh
suhvhqwhg1 Lw lv yhulhg wkdw wkh vfdqqlqj fdq eh vxssuhvvhg/ dqg lw lv hvwdeolvkhg
wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|vwdo sod|v dq lpsruwdqw
uroh lq wkh iuhtxhqf| vfdqqlqj surfhvv1
91814 Frxqwhuedodqfhg Glvshuvlrq iurp Sulvpv
Zh h{dplqh wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj h{shulphqwdoo| xvlqj wkh wzr vh0
wxsv suhvhqwhg lq Iljv1 6:+d, dqg 6:+e,/ dqg lw lv vkrzq krz wkh vfdqqlqj ehkdylru
fdq eh vljqlfdqwo| fkdqjhg e| glvshuvlyh sulvpv sodfhg lq iurqw ri wkh EdWlR6
fu|vwdo1 Iru uhdvrqv jlyhq ehorz zh zloo qdph wkh vhwxs lq Ilj1 6:+d, wkh glvshu0
vlrq hqkdqfhphqw vhwxs dqg wkh vhwxs lq Ilj1 6:+e, wkh glvshuvlrq frpshqvdwlrq
vhwxs/ uhvshfwlyho|1 Wkh odvhu duud| lv duud| L +vhh Dsshqgl{ D, odvlqj dw ;44 qp
+3,1 Wkh oljkw lv froolpdwhg zlwk d ohqv +O4, dqg lv vhqw wkurxjk irxu 78
 EN:
sulvpv dqg rqh 93 VI43 sulvp wkdw duh doo rulhqwhg dw plqlpxp ghyldwlrq wr dgg
dqjxodu glvshuvlrq wr wkh v|vwhp1 Diwhu sdvvlqj wkurxjk wkh sulvpv wkh ehdp lv ir0
fxvhg e| d ohqv +O5, dqg gluhfwhg wr wkh skdvh frqmxjdwh pluuru zklfk lv pdgh ri d
30fxw ukrglxp grshg +;33 ssp, EdWlR6 fu|vwdo +Eoxh LLL,1 Wkh fu|vwdo lv sodfhg
diwhu wkh irfdo srlqw ri ohqv O5 dqg lv duudqjhg lq d vhoi0sxpshg Fdw frqjxudwlrq
zlwk dq dqjoh ri lqflghqfh ri l @ 93

1 Wkh kdoi0zdyh sodwh +ZS, hqvxuhv wkdw wkh
lqflghqw ehdp dw wkh fu|vwdo vxuidfh lv h{wudruglqdulo| srodul}hg1 Wkh uh hfwlrq
iurp wkh ehdpvsolwwhu +EV, lv gluhfwhg wr d vshfwurphwhu vr wkdw wkh vshfwuxp ri
wkh rxwsxw ri wkh odvhu duud| fdq eh prqlwruhg1
Wkh frpshqvdwlrq vhwxs lv doprvw lghqwlfdo wr wkh hqkdqfhphqw vhwxs> wkh
sulvpv/ krzhyhu/ kdyh ehhq rulhqwhg glhuhqwo| zlwk uhvshfw wr wkh odvhu duud|
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Iljxuh 6:1 H{shulphqwdo vhwxsv zlwk sulvpv1 Wkh odvhu glrgh duud| lv frxsohg wr d
skdvh frqmxjdwh pluuru1 O4= ohqv i @ 718 pp/ O5= dfkurpdw ohqv i @ ;3 pp/ EV=
ehdpvsolwwhu/ P= pluuru/ ZS= kdoi0zdyh sodwh> +d, glvshuvlrq hqkdqfhphqw vhwxs/
+e, glvshuvlrq frpshqvdwlrq vhwxs1
dqg wkh fu|vwdo1 Wkh glvshuvlrq ri wkh sulvpv kdv glhuhqw vljqv iru wkh hq0
kdqfhphqw dqg wkh frpshqvdwlrq vhwxsv1 Xvlqj ud| wudflqj zlwk RswlfdWP iru
PdwkhpdwlfdWP wkh dqjxodu glvshuvlrq ri wkh ehdp diwhu uhiudfwlrq dw wkh dlu
fu|vwdo lqwhuidfh +u lq Ilj1 6:, lv fdofxodwhg e| lqvhuwlqj dffxudwh lqirupdwlrq
derxw wkh h{shulphqwdo vhwxs1 Li wkh glvshuvlrq ri wkh sulvpv lv ljqruhg/ wkh dq0
jxodu glvshuvlrq diwhu uhiudfwlrq dw wkh dlu fu|vwdo lqwhuidfh lwvhoi fdq eh hvwlpdwhg
wr g
u
@g @ 6  438 udg2qp +vhh Dsshqgl{ G,1 Wkh wrwdo dqjxodu glvshuvlrq ri
wkh sulvpv/ wkh ohqvhv dqg wkh uhiudfwlrq dw wkh dlu fu|vwdo lqwhuidfh lv fdofxodwhg
wr <  438 udg2qp iru wkh hqkdqfhphqw vhwxs dqg wr 9  438 udg2qp iru wkh
frpshqvdwlrq vhwxs/ uhvshfwlyho|1 Zkhq wkh odvhu duud| kdv ehhq vzlwfkhg rq dqg
wkh fu|vwdo lv looxplqdwhg/ g|qdplf judwlqjv vwduw wr irup lq wkh fu|vwdo dqg/ dv d
uhvxow/ wkh uh hfwlylw| ri wkh SFP lv vorzo| lqfuhdvhg1 Wkh skdvh frqmxjdwh ihhg0
edfn irufhv wkh vshfwuxp ri wkh odvhu duud| wr qduurz grzq iurp dssur{lpdwho|
whq orqjlwxglqdo prghv wr d ihz prghv dqg wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp
vwduwv wr vkliw wrzdugv d orqjhu zdyhohqjwk/ dv h{sodlqhg lq Vhf1 9141 Wklv ehkdy0
lru lv lghqwlfdo iru wkh hqkdqfhphqw dqg wkh frpshqvdwlrq vhwxsv1 Pruhryhu/ lw
dovr rffxuv li doo wkh sulvpv duh uhpryhg dqg/ lqvwhdg/ wkh ehdp iurp wkh odvhu
duud| lv sdvvhg gluhfwo| wr wkh fu|vwdo +vhh Vhf1 914,/ zklfk phdqv wkdw wkh lqlwldo
vwdjh ri wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv lv gxh wr surshuwlhv ri wkh
iruphg judwlqjv lq wkh fu|vwdo dqg kdv qrwklqj wr gr zlwk wkh sulvpv sodfhg lq
iurqw ri wkh SFP1 Dv wkh odvlqj zdyhohqjwk ri wkh rxwsxw iurp wkh odvhu duud|
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vfdqv wrzdugv d orqjhu zdyhohqjwk/ wkh dqjoh ri lqflghqfh +l lq Ilj1 6:,/ wkh dqjoh
ri uhiudfwlrq +u,/ dqg wkh srvlwlrq ri wkh ehdp dw wkh fu|vwdo vxuidfh fkdqjh gxh
wr wkh glvshuvlrq ri wkh sulvpv dqg wkh fu|vwdo1 Iru wkh frpshqvdwlrq vhwxs wkh
glvshuvlrq ri wkh sulvpv lv vx!flhqwo| odujh wr fdqfho wkh dqjxodu glvshuvlrq ri wkh
dlu fu|vwdo lqwhuidfh1 Li glvshuvlrq lv wkh ruljlq dqg lv uhvsrqvleoh iru wkh iuhtxhqf|
vfdqqlqj/ wkhq rqh pd| h{shfw vfdqqlqj iru wkh hqkdqfhphqw vhwxs dqg qrqh/ ru
dw ohdvw uhgxfhg vfdqqlqj 0 ru hyhq vfdqqlqj wrzdugv d vkruwhu zdyhohqjwk 0 iru
wkh frpshqvdwlrq vhwxs1
Iljxuh 6; vkrzv wkh uhfrughg fhqwhu zdyhohqjwk ri wkh odvlqj vshfwuxp iurp
wkh odvhu duud| dv d ixqfwlrq ri wlph1 Iljxuh 6;+d, suhvhqw gdwd iurp wkh hqkdqfh0
phqw vhwxs zkloh Ilj1 6;+e, vkrz gdwd iurp wkh frpshqvdwlrq vhwxs1 Dv lv vhhq lq
Ilj1 6;+d,/ zh gr revhuyh wkh zhoo nqrzq vhoi0lqgxfhg iuhtxhqf| vfdqqlqj f|fohv
iru wkh hqkdqfhphqw vhwxs/ dv zdv wr eh h{shfwhg1 Gxh wr wkh skdvh frqmxjdwh
ihhgedfn/ wkh vshfwuxp vfdqv dzd| iurp wkh zdyhohqjwk/ 3/ dqg wkh rvfloodwlqj
hqhuj| ehwzhhq wkh odvhu duud| dqg wkh fu|vwdo judgxdoo| ghfuhdvhv dv wkh vshfwuxp
pryhv ixuwkhu dzd|1 Diwhu vrph wlph wkh vshfwuxp kdv vfdqqhg vhyhudo qdqrph0
whuv dqg wkh uhgxfhg ihhgedfn ohyho fdq qr orqjhu vxssuhvv wkh rvfloodwlrq ri wkh
qdwxudo prghv ri wkh iuhho| uxqqlqj odvhu> wkh qdwxudo prghv wkhq hphujh dqg
hudvh zkdwhyhu judwlqj lv ohiw lq wkh fu|vwdo1 Frqvhtxhqwo|/ wkh uh hfwlylw| ri wkh
SFP lv uhgxfhg wr }hur/ dqg wkh fhqwhu zdyhohqjwk mxpsv edfn wr 31 Wkh f|foh lv
wkhuhdiwhu uhshdwhg1 Rqo| vfdqqlqj wrzdugv wkh uhg zdv revhuyhg1 Wkh vshfwuxp/
krzhyhu/ zrxog rffdvlrqdoo| vfdq d iudfwlrq ri d qdqrphwhu wrzdugv wkh eoxh ru
pdnh d vwrs iru d vkruw wlph ehiruh uhvxplqj wkh vfdqqlqj wrzdugv wkh uhg1 Wkh
dqjoh ri lqflghqfh/ wkh srvlwlrq ri wkh ehdp dw wkh fu|vwdo vxuidfh dqg wkh lqwhqvlw|
doo dhfw wkh vfdq udwh1 Doo wkhvh revhuydwlrqv duh lghqwlfdo wr wkh rqhv uhsruwhg
lq Vhf1 914 zkhuh wkh duud| zdv frxsohg wr wkh Fdw frqmxjdwru zlwkrxw lqfoxglqj
wkh sulvpv lq wkh vhwxs1 Iru wkh gdwd vkrzq lq Iljv1 6;+d0e, wkh odvhu duud| zdv
rshudwhg dw wzr wlphv wkh wkuhvkrog fxuuhqw1 Wkh srzhu ri wkh lqflghqw ehdp dw
wkh fu|vwdo zdv 433 pZ dqg wkh lqwhqvlw| zdv 583 pZ2pp51





























Iljxuh 6;1 Odvhu glrgh duud| frxsohg wr d skdvh frqmxjdwh pluuru lq wkh rq0d{lv
frqjxudwlrq1 Sulvpv duh lqfoxghg lq wkh h{whuqdo fdylw|1 Fhqwhu zdyhohqjwk ri wkh
rswlfdo vshfwuxp yhuvxv wlph= +d, glvshuvlrq hqkdqfhphqw vhwxs zlwk sulvpv> +e,
glvshuvlrq frpshqvdwlrq vhwxs zlwk sulvpv1
Iljxuh 6;+e, glvsod|v wkh uhfrughg fhqwhu zdyhohqjwk yhuvxv wlph iru wkh frp0
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shqvdwlrq vhwxs1 Qr uhjxodu vfdq f|fohv duh revhuyhg exw diwhu wkh uh hfwlylw| ri
wkh SFP kdv ehhq exlow xs/ wkh vshfwuxp vwduwv wr vfdq xqwlo lw uhdfkhv vrph
htxloleulxp/ zkhuh wkh hhfwlyh urxqg0wuls jdlq ri wkh fdylw| kdv ehfrph v|pphw0
ulf zlwk uhvshfw wr wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp/ l1h1 wkh vlgh prghv ri
wkh vshfwuxp kdyh wkh vdph skdvh frqmxjdwh uh hfwlylw| +vhh Vhf1 :14 iru d gh0
wdlohg ghvfulswlrq,/ dqg wkh rxwsxw srzhu dqg wkh vshfwuxp ehfrph vwdeoh1 Wkh
pd{lpxp skdvh frqmxjdwh uh hfwlylw| phdvxuhg dw wkh ehdpvsolwwhu zdv 419( dqg
51;( iru wkh hqkdqfhphqw dqg wkh frpshqvdwlrq vhwxsv/ uhvshfwlyho|1 Wkh kljkhu
skdvh frqmxjdwh uh hfwlylw| revhuyhg lq wkh frpshqvdwlrq frqjxudwlrq lv gxh wr
wkh vwdelol}dwlrq ri wkh fhqwhu zdyhohqjwk wkdw ohdgv wr d odujhu lqgh{ prgxodwlrq
lq wkh fu|vwdo1
Iljxuh 6;+e, fohduo| vkrzv wkdw iru wkh frpshqvdwlrq vhwxs wkh glvshuvlrq ri wkh
sulvpv kdv vxssuhvvhg wkh iuhtxhqf| vfdqqlqj1 Zh uhihu wr wklv dv frxqwhuedodqfh
glvshuvlrq vlqfh wkh glvshuvlrq ri wkh EdWlR6 fu|vwdo lv frpshqvdwhg e| wkh sulvpv1
Lq rughu wr vxssuhvv wkh iuhtxhqf| vfdqqlqj/ d fhuwdlq dprxqw ri frxqwhuedodqfh
glvshuvlrq pxvw dw ohdvw eh dssolhg1 Zlwk ohvv glvshuvlrq dssolhg/ wkh vfdq f|fohv
frqwlqxh1 Li wkh irxu EN: sulvpv zhuh uhpryhg/ wkh iuhtxhqf| vfdqqlqj frxog qrw
eh vxssuhvvhg1
91815 Frxqwhuedodqfhg Glvshuvlrq iurp d Judwlqj
Lq rughu wr yhuli| wkdw wkh dqjxodu glvshuvlrq ri wkh sulvpv lv lqghhg uhvsrqvleoh iru
wkh glhuhqw w|shv ri ehkdylru revhuyhg zlwk wkh hqkdqfhphqw dqg wkh frpshq0
vdwlrq vhwxsv/ zh uhsodfh wkh sulvpv zlwk d gludfwlrq judwlqj1 Wkh h{shulphqwdo
vhwxsv duh vkrzq lq Iljv1 6<+d, dqg +e, dqg duh dovr qdphg wkh hqkdqfhphqw
vhwxs dqg wkh frpshqvdwlrq vhwxs/ uhvshfwlyho|1 Wkh rqo| glhuhqfh ehwzhhq wkh
hqkdqfhphqw dqg wkh frpshqvdwlrq vhwxsv lv wkdw wkh fu|vwdo kdv ehhq wxuqhg
xsvlgh grzq1 Wkh srvlwlrq ri wkh ehdp dw wkh fu|vwdo vxuidfh uhpdlqv wkh vdph1
Wklv lv htxlydohqw wr uhyhuvlqj wkh vljq ri wkh h{whuqdo dqjxodu glvshuvlrq ri wkh
judwlqj1 Iru wkh fdvh zlwk wkh sulvpv rqh fdq dovr fkdqjh wkh hqkdqfhphqw vhwxs
wr wkh frpshqvdwlrq vhwxs/ dqg ylfh yhuvd/ e| vlpso| wxuqlqj wkh fu|vwdo xsvlgh
grzq dv vkrzq khuh1 Wkh gdvkhg dqg vrolg olqhv lq Iljv1 6< fruuhvsrqg wr d vkruwhu
+eoxh, dqg d orqjhu +uhg, zdyhohqjwk/ uhvshfwlyho|1 Lw fdq eh vhhq wkdw e| wxuqlqj
wkh fu|vwdo xsvlgh grzq dqg pdlqwdlqlqj wkh srvlwlrq ri wkh ehdp dw wkh fu|vwdo
vxuidfh/ wkh dqjoh ri lqflghqfh lv lqwhufkdqjhg ehwzhhq wkh *eoxh* dqg wkh *uhg*
zdyhohqjwkv1
Iljxuhv 73+d, dqg +e, vkrz wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp yhuvxv wlph
iru wkh hqkdqfhphqw vhwxs dqg wkh frpshqvdwlrq vhwxs/ uhvshfwlyho|1 Wkh odvhu
duud| zdv rshudwhg dw wzr wlphv wkh wkuhvkrog fxuuhqw dqg wkh lqflghqw ehdp
lqwhqvlw| zdv 453 pZ2pp51 Djdlq/ lw lv revhuyhg wkdw uhjxodu vfdq f|fohv wdnh
sodfh zlwk wkh hqkdqfhphqw vhwxs dqg wkdw wkh vfdqqlqj lv vxssuhvvhg zlwk wkh
frpshqvdwlrq vhwxs gxh wr wkh frxqwhuedodqfh glvshuvlrq ri wkh judwlqj1 Wkh exlog0
xs wlph iru vwdelol}dwlrq ghshqgv rq pdq| h{shulphqwdo sdudphwhuv/ vxfk dv dqjoh
ri lqflghqfh dqg vsdwldo srvlwlrq ri wkh ehdp dw wkh fu|vwdo vxuidfh1 Wkh lqlwldo
vfdq udwh lv wkhuhiruh qrw dozd|v kljkhu iru wkh frpshqvdwlrq frqjxudwlrq wkdq
iru wkh hqkdqfhphqw frqjxudwlrq/ dv fdq eh vhhq lq Ilj1 6;+e,1 Wkh pd{lpxp
skdvh frqmxjdwh uh hfwlylw| phdvxuhg dw wkh ehdpvsolwwhu zdv 615( dqg 818( iru
wkh hqkdqfhphqw dqg wkh frpshqvdwlrq vhwxsv/ uhvshfwlyho|1
Lq frqfoxvlrq/ wkh frpsohwho| glhuhqw nlqg ri ehkdylru revhuyhg iru wkh frpshq0
vdwlrq dqg wkh hqkdqfhphqw vhwxsv vkrz wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq
ri wkh fu|vwdo sod|v d ylwdo uroh iru wkh phfkdqlvp ri wkh vhoi0lqgxfhg iuhtxhqf|
vfdqqlqj dqg fdq hyhq eh wkh yhu| ruljlq ri wkh vfdqqlqj hhfw1
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Iljxuh 6<1 H{shulphqwdo vhwxsv zlwk judwlqj1 O4= ohqv i @ 718 pp/ O5= vskhulfdo
ohqv i @ 433 pp/ ZS= zdyh sodwh/ EV= ehdpvsolwwhu/ judwlqj= 4533 olqhv2pp/ uxohg
zlwk d eod}h dqjoh ri 5917 ghj1 +:83 qp,> +d, glvshuvlrq hqkdqfhphqw vhwxs> +e,
glvshuvlrq frpshqvdwlrq vhwxs +wkh EdWlR6 fu|vwdo lv wxuqhg xsvlgh grzq/ exw wkh
srvlwlrq ri wkh ehdp dw wkh vxuidfh lv pdlqwdlqhg,1



























Iljxuh 731 Odvhu glrgh duud| frxsohg wr d skdvh frqmxjdwh pluuru lq wkh rq0d{lv
frqjxudwlrq1 D gludfwlrq judwlqj lv lqfoxghg lq wkh h{whuqdo fdylw|1 Fhqwhu zdyh0
ohqjwk ri wkh rswlfdo vshfwuxp yhuvxv wlph= +d, glvshuvlrq hqkdqfhphqw vhwxs zlwk
judwlqj> +e, glvshuvlrq frpshqvdwlrq vhwxs zlwk judwlqj1
919 Iuhtxhqf| Vfdqqlqj zlwk R0D{lv Frqjxud0
wlrq
Wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj f|foh grhv rqo| wdnh sodfh li erwk idu0hog
orehv iurp wkh odvhu duud| duh gluhfwhg wrzdugv wkh Fdw frqmxjdwru fu|vwdo +rq0
d{lv frqjxudwlrq,1 Li rqo| rqh oreh ri wkh idu0hog lv gluhfwhg wrzdugv wkh Fdw
frqmxjdwru fu|vwdo +wkh r0d{lv frqjxudwlrq,/ wkh iuhtxhqf| vfdqqlqj zloo wdnh
sodfh/ exw wkh vfdq f|foh zloo qrw uhshdw lwvhoi1 Lqvwhdg/ wkh vshfwuxp zloo frph wr
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d uhvw dw d fhuwdlq zdyhohqjwk zkhuh lw zloo uhpdlq1^45/ 48` Iru rwkhu w|shv ri odvhuv
vxfk dv g|h odvhuv ru ixqgdphqwdo0prgh glrgh odvhuv wkh r0d{lv frqjxudwlrq lv
ri frxuvh qrw srvvleoh/ dqg wkh vfdq f|foh zloo lq jhqhudo eh uhshdwhg iru vxfk
frxsohg v|vwhpv1 Wkh uhdvrq iru wkh qrquhshwlwlyh ehkdylru ri wkh r0d{lv frqj0
xudwlrq pd| eh dwwulexwhg wr wkh uhgxfhg frxsolqj ri wkh r0d{lv frqjxudwlrq dv
frpsduhg zlwk wkh rq0d{lv frqjxudwlrq +wkh uhgxfhg frxsolqj lv glvfxvvhg lq Vhf1
81614,> wkh uhgxfhg frxsolqj lv qrw vwurqj hqrxjk wr vkliw wkh vshfwuxp vr pxfk
wkdw wkh iuhho| uxqqlqj prghv zloo hphujh dqg hudvh wkh judwlqj vwuxfwxuh lq wkh
fu|vwdo/ zklfk fdxvhv wkh vfdq f|foh wr uhshdw lwvhoi1
91: Vxppdu|
Wkh vfdq udwh lv irxqg wr eh sursruwlrqdo wr wkh lqwhqvlw| lqvlgh wkh fu|vwdo1
Ixuwkhupruh/ wkh vfdq udwh grhv qrw ghshqg rq wkh ihhgedfn ohyho exw rqo| rq
wkh lqwhqvlw|/ l1h1 wkh uhvsrqvh wlph ri wkh fu|vwdo1 Wkhvh revhuydwlrqv uhyhdo wkdw
wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj lv gxh wr wkh skrwruhiudfwlyh surfhvv lq wkh
frqmxjdwru1
Zh kdyh irxqg wkdw wkh rulhqwdwlrq ri wkh ehdp sdwk lq wkh fu|vwdo fkdqjhv
gxulqj vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1 Pruhryhu/ zh kdyh vkrzq wkdw wkh vhoi0
lqgxfhg iuhtxhqf| vfdqqlqj ri d odvhu glrgh duud| zlwk h{whuqdo skdvh frqmxjdwh
ihhgedfn iurp d vhoi0sxpshg EdWlR6 fu|vwdo duudqjhg lq wkh Fdw frqjxudwlrq lv
vljqlfdqwo| dowhuhg e| wkh glvshuvlrq ri sulvpv ru d glvshuvlyh gludfwlrq judwlqj
sodfhg lq wkh h{whuqdo fdylw| lq iurqw ri wkh fu|vwdo1 Zh kdyh ghprqvwudwhg wkdw
wkhvh sulvpv ru wkh judwlqj fdq hyhq vxssuhvv wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj
dqg vwdelol}h wkh rxwsxw srzhu ri wkh odvhu duud|1 Wkh h{shulphqwdo uhvxowv vkrz
wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|vwdo lv dq lpsruwdqw hhfw
iru wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv1
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: Sk|vlfdo Ruljlq ri Iuhtxhqf| Vfdq0
qlqj
Lq Fkdswhu 9 lw zdv vkrzq wkdw wkh rswlfdo ihhgedfn iurp d vhoi0sxpshg skr0
wruhiudfwlyh skdvh frqmxjdwru fdq fdxvh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj ri wkh
odvlqj zdyhohqjwk ri d pxowlprgh odvhu1 Pruhryhu/ lw zdv ghprqvwudwhg wkdw wkh
iuhtxhqf| vfdqqlqj ri d odvhu glrgh duud| frxog eh vxssuhvvhg dqg wkdw lw zdv
srvvleoh wr rewdlq d vwdeoh zdyhohqjwk zlwk wkh xvh ri frxqwhuedodqfh glvshuvlrq
iurp sulvpv ru iurp d judwlqj sodfhg ehwzhhq wkh odvhu dqg wkh skdvh frqmxjdwh
pluuru +SFP,/ dv vkrzq lq Vhf1 9181
Wkh idfw wkdw wkh iuhtxhqf| vfdqqlqj wdnhv sodfh zlwk vr pdq| glhuhqw w|shv ri
odvhuv fohduo| lqglfdwhv wkdw wkh vfdqqlqj lv gxh wr vrph fkdudfwhulvwlfv ri wkh vhoi0
sxpshg frqmxjdwru1 Wkh h{dfw phfkdqlvp dqg wkh ruljlq ri wkh iuhtxhqf| vfdqqlqj
surfhvv kdyh qrw ehhq hvwdeolvkhg |hw1 Vhyhudo h{sodqdwlrqv ri wkh ruljlq kdyh
ehhq vxjjhvwhg= +4, prgh frpshwlwlrq lq frxsohg fdylwlhv/^46:` +5, dffxpxodwhg
Grssohu vkliwv vwhpplqj iurp uh hfwlrq ri vsrqwdqhrxvo| prylqj judwlqjv lq wkh
skrwruhiudfwlyh fu|vwdo^473` dqg +6, dv|pphwulf Eudjj iuhtxhqf| vhohfwlylw| ri
wkh skrwruhiudfwlyh judwlqj vwuxfwxuh1^46;` Khuh zh uxoh rxw h{sodqdwlrq +4, vlqfh
iuhtxhqf| vfdqqlqj kdv ehhq revhuyhg lq d vlqjoh uhvrqdwru iruphg ehwzhhq dq
ruglqdu| pluuru dqg d SFP1^473` Wkh frpshwlwlrq/ krzhyhu/ kdv dq hhfw rq
wkh vfdqqlqj ehkdylru> zloo eh glvfxvvhg odwhu lq wklv fkdswhu1 Dv srlqwhg rxw lq
wkh olwhudwxuh^46;`/ rqh fdq dovr uxoh rxw h{sodqdwlrq +5, vlqfh wkh uhvsrqvh wlph
ri wkh EdWlR6 fu|vwdo lv wrr orz wr h{sodlq wkh kljk vfdq udwhv wkdw kdyh ehhq
revhuyhg1 Wkh skdvh frqmxjdwh ihhgedfn irufhv wkh vshfwuxp pdq| qdqrphwhuv
dzd| iurp wkh zdyhohqjwk dw zklfk wkh jdlq phglxp kdv wkh kljkhvw jdlq dqg/ dv
d uhvxow/ wkh odvhu v|vwhp grhv qrw vhhp wr vhhn wkh zdyhohqjwk wkdw kdv wkh odujhvw
ryhudoo rswlfdo jdlq1 Wkhuhiruh/ h{sodqdwlrq qxpehu +6, vhhpv yhu| olnho| dqg lq
wkh suhvhqw fkdswhu zh dujxh wkdw wkh iuhtxhqf| vfdqqlqj lv lqghhg fdxvhg e|
dv|pphwulf Eudjj iuhtxhqf| vhohfwlylw| ri wkh frpsoh{ judwlqj vwuxfwxuh iruphg
lq wkh fu|vwdo1
Iurp wkh h{shulphqwv zlwk frxqwhuedodqfhg glvshuvlrq +Vhf1 918, lw lv nqrzq
wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|vwdo sod|v d fuxfldo uroh
lq wkh iuhtxhqf| vfdqqlqj surfhvv1 Wkh qxphulfdo uhvxowv ri wklv fkdswhu frqup
wkdw wkh glvshuvlrq ri wkh fu|vwdo lv wkh ruljlq ri wkh dv|pphwulf Eudjj iuhtxhqf|
vhohfwlylw| zklfk vxevhtxhqwo| lqgxfhv wkh vfdqqlqj lq iuhtxhqf|1 Krzhyhu/ iurp
Vhf1 917 zh nqrz wkdw wkh rulhqwdwlrq ri wkh lqwhuqdo orrs fkdqjhv pxfk pruh
gxulqj d vfdq f|foh wkdq zkdw fdq eh h{sodlqhg e| wkh dqjxodu glvshuvlrq +wkh dlu
fu|vwdo lqwhuidfh, lq wkh EdWlR6 fu|vwdo1 Wklv whoov xv wkdw wkhuh pd| eh dgglwlrqdo
hhfwv wkdw fdxvh wkh rulhqwdwlrq ri wkh lqwhuqdo orrs wr fkdqjh gxulqj iuhtxhqf|
vfdqqlqj/ exw zh vwloo srvwxodwh wkdw glvshuvlrq fdxvhv wkh iuhtxhqf| vfdqqlqj
surfhvv wr lqlwldwh1
Zh lqyhvwljdwh dqg dqdo|}h d pxowlprgh odvhu frxsohg wr d SFP1 Wkh rswlfdo
ihhgedfn lv jhqhudwhg e| vhoi0sxpshg irxu0zdyh pl{lqj lq EdWlR6 duudqjhg lq wkh
Fdw jhrphwu|1 Wkh dqdo|vlv lv edvhg rq d gluhfw qxphulfdo dssurdfk wkdw ghvfulehv
wkh sursdjdwlrq ri oljkw lq skrwruhiudfwlyh phgld1 Wklv dssurdfk lv d srzhuixo
wrro dqg kdv ehhq xvhg wr dqdo|}h frpsoh{ vwuxfwxuhv ri oljkw sursdjdwlqj lq
skrwruhiudfwlyh phgld1^4;7/ 4;8/ <:/ 4;9` Wkh Fdw jhrphwu| kdv ehhq vwxglhg lq
ghwdlov zlwk wklv phwkrg1^<:` Khuh zh h{whqg wkh phwkrg wr vwxg| wkh vkdsh ri
wkh ghwxqlqj fxuyh iru wkh judwlqj vwuxfwxuh lq wkh fu|vwdo dqg/ wkhuhe|/ dovr wkh
fkdudfwhulvwlfv ri wkh frqmxjdwru dv dq h{whuqdo uh hfwru1
Zh suhvhqw qxphulfdo vlpxodwlrqv wkdw vkrz wkdw wkh frpsoh{ judwlqj vwuxf0
wxuh iruphg lq wkh fu|vwdo kdv dv|pphwulf Eudjj iuhtxhqf| vhohfwlylw| wkdw zloo
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uhvxow lq vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1 Wkh qglqjv vkrz wkdw wkh dv|pphwulf
Eudjj vhohfwlylw| lv gxh wr wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|v0
wdo1 Wkh uhvxowv suhglfw iuhtxhqf| vfdqqlqj wrzdugv d orqjhu zdyhohqjwk/ zklfk
duh lq jhqhudo lq djuhhphqw zlwk uhsruwhg h{shulphqwdo revhuydwlrqv1
Wkh vwuxfwxuh ri wklv fkdswhu lv dv iroorzv= Lq Vhf1 :14 wkh ixqgdphqwdo sk|vlfv
ri wkh phfkdqlvpv ri wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj duh h{sodlqhg1 Pruhryhu/
wkh edvlv dqg wkh dssur{lpdwlrqv iru wkh prgho duh rxwolqhg1 Vhfwlrq :15 suhvhqwv
wkh qxphulfdo dssurdfk dqg pdwkhpdwlfdo irupxodwlrq ri wkh prgho1 Lq Vhf1 :16 wkh
lwhudwlyh surfhvv ri wkh irupdwlrq ri wkh vhoi0sxpshg judwlqj vwuxfwxuh lv ghvfulehg1
Ilqdoo|/ lq Vhf1 :17 zh jlyh d suhvhqwdwlrq dqg glvfxvvlrq ri wkh qxphulfdo uhvxowv
rewdlqhg1 Vhfwlrq :18 vxppdul}hv wkh uhvxowv1
:14 Prgho ri Iuhtxhqf| Vfdqqlqj
Lq wklv vhfwlrq zh suhvhqw d prgho ri wkh ixqgdphqwdo sk|vlfdo phfkdqlvpv ehklqg
wkh iuhtxhqf| vfdqqlqj surfhvv1 Zh h{sodlq krz wkh vfdqqlqj wdnhv sodfh dqg krz
wkh iuhtxhqf| pdwhuldo glvshuvlrq ri wkh fu|vwdo ohdgv wr dq dv|pphwulf ghwxqlqj
fxuyh1
Iljxuh 741 Vfkhpdwlf gldjudp ri wkh odvhu fdylw| frxsohg wr d vhoi0sxpshg skdvh
frqmxjdwru duudqjhg lq d Fdw jhrphwu|1 Uhqg dqg Urxw duh wkh iuhtxhqf| lqgh0
shqghqw uh hfwlylw| ri wkh hqg pluuru dqg wkh rxwsxw pluuru/ uhvshfwlyho|1 Uh{w lv
wkh iuhtxhqf| ghshqghqw skdvh frqmxjdwh uh hfwlylw| ri wkh frqmxjdwru1 q lv wkh
uhiudfwlyh lqgh{ lq wkh EdWlR6 fu|vwdo1
Iljxuh 74 vkrzv d vfkhpdwlf gldjudp ri wkh frxsohg v|vwhp wkdw zh zdqw wr
lqyhvwljdwh1 Wkh pxowlprgh odvhu kdv ehhq vlpsolhg wr d jdlq phglxp dqg wzr
pluuruv1 Wkh hqg pluuru dqg wkh rxwsxw pluuru duh dvvxphg wr kdyh d iuhtxhqf| lq0
ghshqghqw uh hfwlylw| ri Uhqg dqg Urxw/ uhvshfwlyho|1 Wkh rxwsxw ehdp lv gluhfwhg
wr d EdWlR6 fu|vwdo zlwk dq dqjoh ri lqflghqfh l1 Gxh wr wkh uhiudfwlyh lqgh{ ri
wkh fu|vwdo q wkh ehdp lv uhiudfwhg dw wkh dlu fu|vwdo lqwhuidfh dw dq dqjoh u 1 Wkh
skdvh frqmxjdwh ehdp lv jhqhudwhg e| gludfwlrq lq d frpsoh{ judwlqj vwuxfwxuh lq
wkh EdWlR6 fu|vwdo1 Wkh SFP/ krzhyhu/ dfwv rq wkh odvhu olnh dq h{whuqdo pluuru
zlwk d zdyhohqjwk ghshqghqw skdvh frqmxjdwh uh hfwlylw| U
h{w1 Wkh vkdsh ri wkh
uh hfwlylw| Uh{w zlwk uhvshfw wr zdyhohqjwk lv htxlydohqw wr wkh ghwxqlqj fxuyh
ri wkh judwlqj vwuxfwxuh lq wkh frqmxjdwru fu|vwdo1 Wkh txhvwlrq lv= krz fdq wkh
fhqwhu zdyhohqjwk ri wkh vshfwuxp vkliwB Lpdjlqh wkdw Uh{w lv dv|pphwulf zlwk
uhvshfw wr wkh fhqwhu zdyhohqjwk ri wkh odvhu vshfwuxp1 Wkh SFP fdq wkhq fdxvh
wkh vshfwuxp wr vkliw lq wkh iroorzlqj zd|= wkh skdvh frqmxjdwh ihhgedfn iurp wkh
frqmxjdwru jhqhudoo| uhvxowv lq d pruh qduurz edqgzlgwk dqg dw vrph prphqw lq
wlph/ ghqrwhg w3/ wkh skdvh frqmxjdwh ihhgedfn uhgxfhv wkh pxowlprgh vshfwuxp
wr/ vd|/ wkuhh prghv/ dv vkrzq lq Ilj1 75+d,1 Wkh gdvkhg olqh uhsuhvhqwv wkh hqyh0
orsh ri wkh odvhu vshfwuxp1 Wkh fhqwhu prgh kdv d zdyhohqjwk ri 31 Wkh wzr vlgh
prghv kdyh zdyhohqjwkv ri 
4 @ 3IS dqg .4 @ 3.IS / zkhuh IS
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lv wkh orqjlwxglqdo prgh vsdflqj ri wkh vrolwdu| odvhu fdylw|1 Wkh fhqwhu prgh dw
3 zloo h{shulhqfh wkh orzhvw orvv xsrq uh hfwlrq ri wkh SFP fruuhvsrqglqj wr
d uh hfwlylw| ri U +3,h{w1 Wkh wzr vlgh prghv h{shulhqfh d kljkhu orvv wkdq wkh
fhqwhu prgh1 Wkh vlgh prgh .4/ krzhyhu/ kdv d orzhu orvv wkdq 4/ l1h1 Uh{w
lv dv|pphwulf dqg U +
4,h{w ? U +.4,h{w1 Dv wlph hodsvhv/ rq wkh rughu ri d
ihz urxqg wulsv lq wkh h{whuqdo fdylw| +wf A h{w,/ wkh vlgh prgh .4 zloo lqfuhdvh
lq dpsolwxgh dw wkh h{shqvh ri wkh vlgh prgh 
4/ dv vkrzq lq Ilj1 75+e,1 Dv d
uhvxow/ wkh fhqwhu ri wkh hqyhorsh ri wkh vshfwuxp lv qrw 3 dq|pruh/ exw kdv ehhq
vkliwhg d vpdoo dprxqw wr 3 . / zkhuh  lv pxfk vpdoohu wkdq IS 1 Diwhu
wklv vpdoo vkliw wkh g|qdplf judwlqjv lq wkh skrwruhiudfwlyh fu|vwdo zloo dgmxvw iru
pd{lpxp Eudjj uh hfwlrq dw 3 .  +Uh{w kdv lwv pd{lpxp iru 3 . ,1 Wkh
f|foh lv wkhq uhshdwhg dqg dw vrph prphqw wkh fhqwhu zdyhohqjwk kdv ehhq vkliwhg
e| doprvw IS dqg d qhz vlgh prgh dw 3.5IS zloo dsshdu dv wkh vlgh prgh
dw 3 IS kdv ehhq frpsohwho| gudlqhg iurp hqhuj|1
:1414 Vfdq Udwh
Lq rxu prgho wkh vshfwuxp vr wr vshdn vfdqv e| wdnlqj rqh orqjlwxglqdo *vwhs* dw d
wlph> wklv ghvfulswlrq ri wkh vfdqqlqj surfhvv lv lq djuhhphqw zlwk rxu h{shulphqwdo
revhuydwlrqv ri d kljko| uhvroyhg odvhu vshfwuxp gxulqj wkh vfdqqlqj +vhh Ilj1 65 lq
Vhf1 914,1 Wkh wlph shulrg ri wkh vshfwuxp wr wdnh rqh *vwhs* ghshqgv rq wkh wlph
frqvwdqw iru wkh judwlqj irupdwlrq lq wkh fu|vwdo vlqfh wkh g|qdplf judwlqjv qhhg
wlph wr dgmxvw wr wkh vkliwhg vshfwuxp1 Iru EdWlR6 wklv wlph frqvwdqw lv rq wkh
rughu ri rqh vhfrqg dqg lv rughuv ri pdjqlwxgh odujhu wkdq wkh fdylw| urxqg0wuls
wlph1 Wklv lv wkh uhdvrq iru wkh uhodwlyho| vorz vfdq udwhv wkdw duh revhuyhg +ohvv
wkdq 319 qp2v> fruuhvsrqglqj wr d ihz orqjlwxglqdo *vwhsv* shu vhfrqg,1
:1415 Wkh Hhfw ri Glvshuvlrq
Krz grhv wkh glvshuvlrq ri wkh fu|vwdo fdxvh wkh ghwxqlqj fxuyh wr ehfrph dv|p0
phwulfB Lw fdq eh h{sodlqhg dv iroorzv= lpdjlqh wkdw wkh pxowlprgh odvhu ehdp
zlwk d vshfwuxp fruuhvsrqglqj wr wkh rqh lq Ilj1 75+d, kdv zulwwhq d judwlqj
vwuxfwxuh lq wkh fu|vwdo1 Li rqh vhqgv d sureh ehdp lqwr wkh fu|vwdo +frolqhdu zlwk
wkh zulwlqj ehdp,/ wkh ghwxqlqj fxuyh ri wkh vwuxfwxuh fdq eh hydoxdwhg dv wkh
zdyhohqjwk lv wxqhg wkurxjkrxw wkh dgmrlqlqj zdyhohqjwkv ri 31 Ohw xv irfxv rq
rqh vlqjoh judwlqj lq wkh vwuxfwxuh1 Wkh dqjoh ri lqflghqfh dw wklv sduwlfxodu judw0
lqj lqvlgh wkh fu|vwdo lv wkh Eudjj dqjoh zkhq wkh sureh zdyhohqjwk lv 31 Hyhq
zkhq wkh sureh zdyhohqjwk lv wxqhg dzd| iurp 3/ wkh dqjoh ri lqflghqfh zloo eh
{hg li qr glvshuvlrq lv suhvhqw lq wkh fu|vwdo1 Iru wklv fdvh wkh ghwxqlqj fxuyh
ri wkh sduwlfxodu judwlqj zloo eh v|pphwulf zlwk uhvshfw wr 31 Wklv zloo dsso| wr
doo wkh judwlqjv ri wkh vwuxfwxuh/ dqg wkh hhfwlyh ghwxqlqj fxuyh ri wkh vwuxfwxuh
lq wkh frqmxjdwru ehfrphv v|pphwulf/ l1h1 U +
4,h{w @ U +.4,h{w1 Li glvshuvlrq
lv suhvhqw/ krzhyhu/ wkh dqjoh ri lqflghqfh ri wkh sduwlfxodu judwlqj zloo fkdqjh
zkhq wkh dqjoh ri uhiudfwlrq 
u
lv dowhuhg dv wkh zdyhohqjwk lv wxqhg dzd| iurp 3>
dqg wkh gludfwhg hqhuj| r wkh judwlqj zloo eh dv|pphwulf zlwk uhvshfw wr 31
Wklv zloo krog wuxh iru doo wkh judwlqjv ri wkh vwuxfwxuh/ dqg wkh hhfwlyh ghwxq0
lqj fxuyh ri wkh vwuxfwxuh lq wkh frqmxjdwru ehfrphv dv|pphwulf/ l1h1 U +
4,
h{w
9@ U +.4,h{w1 Li wkh dqjoh ri lqflghqfh dw wkh fu|vwdo vxuidfh lv 3
/ wkh dqjoh ri
uhiudfwlrq lv frqvwdqw +@ 3, hyhq wkrxjk wkh suhvhqfh ri glvshuvlrq> wkh ghwxqlqj
fxuyh lv h{shfwhg wr eh v|pphwulf dqg iuhtxhqf| vfdqqlqj vkrxog qrw rffxu1 Iru d
skdvh frqmxjdwru edvhg rq vwlpxodwhg edfnvfdwwhulqj zlwk dq dqjoh ri lqflghqfh lv
3/ lw kdv ehhq revhuyhg wkdw vhoi0lqgxfhg iuhtxhqf| vfdqqlqj lqghhg grhv qrw wdnh
sodfh1^4;3` Wklv revhuydwlrq vxssruwv wkdw wkh glvshuvlrq ohdgv wr dq dv|pphwulf
ghwxqlqj fxuyh1
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Iljxuh 751 Vfkhpdwlf uhsuhvhqwdwlrq ri wkh vshfwuxp ri wkh odvhu frxsohg wr wkh
frqmxjdwru gxulqj vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1 +d, wkh wkuhh0prgh vshfwuxp
dw vrph prphqw lq wlph w @ w3> +e, wkh wkuhh0prgh vshfwuxp dw wlph w @ w3.wf/
zkhuh wf lv rq wkh rughu ri d ihz urxqg wulsv lq wkh h{whuqdo fdylw|1 Wkh fhqwhu
zdyhohqjwk kdv ehhq vkliwhg voljkwo| zlwk uhvshfw wr 3 gxh wr dv|pphwulf ihhgedfn
+dv|pphwulf ghwxqlqj fxuyh,1
:1416 Prgh Frpshwlwlrq lq wkh Fdylwlhv
Lq wklv vlpsoh ghvfulswlrq ri wkh vfdqqlqj phfkdqlvp wkh txhvwlrqv derxw frpsh0
wlwlrq lq wkh frxsohg fdylwlhv dqg vsdwldo prgh frpshwlwlrq lq wkh jdlq phglxp
kdyh ehhq ohiw rxw1 Vxfk hhfwv zloo lq xhqfh wkh hhfwlyh vkdsh ri wkh dv|p0
phwulf ghwxqlqj fxuyh dqg kdyh lpsdfw rq wkh g|qdplf dvshfwv ri wkh vfdqqlqj
surfhvv1 H{shulphqwdo revhuydwlrqv^46:` kdyh vkrzq wkdw wkh frpshwlwlrq lq wkh
frxsohg fdylwlhv ghwhuplqhv wkh vfdqqlqj ehkdylru ri wkh v|vwhp/ l1h1 zkhwkhu wkh
vshfwuxp vfdqv wrzdugv d orqjhu +uhg, ru d vkruwhu +eoxh, zdyhohqjwk1 Wkh hhfwv
ri wkh frxsohg fdylwlhv pd| hvshfldoo| eh lpsruwdqw zkhq lqyhvwljdwlqj/ h1j1/ g|h
odvhuv wkdw kdyh dq rxwsxw pluuru +Urxw, zlwk d odujh uh hfwlylw| +A 31<,1 Iru odvhu
glrghv/ krzhyhu/ zlwk Urxw  3137 wkh v|vwhp fdq dv d ehwwhu dssur{lpdwlrq eh
ylhzhg dv d vlqjoh uhvrqdwru/ l1h1 U
rxw  3/ dqg wkh hhfwv pd| eh qhjohfwhg> iru
wklv fdvh wkh vfdqqlqj ehkdylru lv ixoo| ghvfulehg e| ghwhuplqlqj wkh dv|pphwu|
ri wkh ihhgedfn +wkh ghwxqlqj fxuyh,1 Lq rwkhu zrugv= li wkh ghwxqlqj fxuyh ri wkh
skdvh frqmxjdwru lv dv|pphwulf/ wklv dv|pphwu| zloo fhuwdlqo| ohdg wr iuhtxhqf|
vfdqqlqj lq d vlqjoh uhvrqdwru iruphg ehwzhhq d pluuru dqg d skdvh frqmxjdwh
pluuru1
:1417 Hhfw ri Frkhuhqfh Ohqjwk
Iru vhoi0lqgxfhg iuhtxhqf| vfdqqlqj wkhuh zloo dozd|v eh pruh wkdq rqh rvfloodwlqj
orqjlwxglqdo prgh/ dw ohdvw lq wkh vhqvh zkhuh wkh dpsolwxgh ri rqh qhz prgh
exlogv xs dw wkh h{shqvh ri wkh dpsolwxgh ri dq h{lvwlqj prgh1 Wkh hhfwlyh
edqgzlgwk lv wkhuhiruh lq wkdw fdvh dw ohdvw rq wkh rughu ri d prgh vsdflqj1 Lw
lv riwhq/ krzhyhu/ revhuyhg wkdw vhyhudo orqjlwxglqdo prghv duh suhvhqw lq wkh
vfdqqlqj vshfwuxp +vhh/ h1j1/ Ilj1 65,1 Hvshfldoo| iru odvhu glrghv/ wkh edqgzlgwk
fdq wkhuhiruh eh rq wkh rughu ri 3140318 qp1 Wkh frkhuhqfh ohqjwk ri wkh lqflghqw
ehdp fdq frqvhtxhqwo| eh pxfk vpdoohu wkdq wkh glphqvlrqv ri wkh frqmxjdwru
fu|vwdo1 Lw kdv ehhq revhuyhg wkdw xqghu vxfk flufxpvwdqfhv uh hfwlrq judwlqjv
zloo eh vkruw dqg zhdn dqg zloo frqwulexwh rqo| zlwk d vpdoo dprxqw wr wkh skdvh
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frqmxjdwh ehdp1^435` Zlwk dq lqflghqw ehdp wkdw kdv d vkruw frkhuhqfh ohqjwk/ wkh
dv|pphwulf ghwxqlqj fxuyh pxvw wkhuhiruh kdyh lwv ruljlq lq wkh fkdudfwhulvwlfv ri
wkh wudqvplvvlrq judwlqjv wkdw duh dozd|v suhvhqw lq d Fdw frqmxjdwru zlwk wrwdo
lqwhuqdo uh hfwlrq1 Iru g|h odvhuv frxsohg wr d Fdw frqmxjdwru wkh vlwxdwlrq lv
glhuhqw1 Wkh odvhu fdylw| lv orqj dqg/ dv d uhvxow/ wkh prgh vsdflqj lv yhu| vkruw1
Lq vrph h{shulphqwv shuiruphg zlwk d g|h odvhu wkh frkhuhqfh ohqjwk zdv 53
fp1^473/ 46<` Iru wkdw fdvh uh hfwlrq judwlqjv pd| eh suhvhqw dqg kdyh lq xhqfh
rq wkh vkdsh ri wkh hhfwlyh ghwxqlqj fxuyh ri wkh judwlqj vwuxfwxuh1 Wkh suhvhqfh
ri uh hfwlrq judwlqjv zloo eh glvfxvvhg lq ghwdlov lq Fkdswhu ;1
Wkh prgho suhvhqwhg lq wkh iroorzlqj vhfwlrq lqfoxghv rqo| wudqvplvvlrq judw0
lqjv dqg qhjohfwv doo uh hfwlrq judwlqjv1 Wklv dssur{lpdwlrq lv ydolg rqo| li wkh
frkhuhqfh ohqjwk ri wkh lqflghqw ehdp lv vkruw frpsduhg zlwk wkh glphqvlrq ri
wkh fu|vwdo +vhh Fkdswhu ;,1 Wkh rxwfrph ri wkh iroorzlqj dqdo|vlv fdq wkhuhiruh
rqo| eh frpsduhg zlwk wkh h{shulphqwv zlwk pxowlprgh odvhu glrghv wkdw kdyh d
vkruw frkhuhqfh ohqjwk gxulqj vfdqqlqj/ dv h{sodlqhg deryh1
:15 Pdwkhpdwlfdo Irupxodwlrq ri wkh Prgho
Lq wklv dqdo|vlv wkh EdWlR6 fu|vwdo lv looxplqdwhg zlwk d vshfwuxp wkdw frqwdlqv
wkuhh orqjlwxglqdo prghv wkdw sursdjdwh lq wkh fu|vwdo1 Zlwk wkh xvh ri d ehdp
sursdjdwlrq phwkrg wkh hyroxwlrq ri wkh prghv lv ghwhuplqhg1 Gxh wr idqqlqj wkh
looxplqdwlrq zloo hyhqwxdoo| irup d vhoi0sxpshg irxu0zdyh0pl{lqj jhrphwu| edvhg
rq wrwdo lqwhuqdo uh hfwlrq1 Zkhq wkh skdvh frqmxjdwh uh hfwlylw| kdv uhdfkhg lwv
vwhdg| vwdwh/ d sureh ehdp lv vhqw lqwr wkh fu|vwdo wr hydoxdwh wkh skdvh frqmxjdwh
uh hfwlylw| dw glhuhqw zdyhohqjwkv/ hvshfldoo| dw 
4 dqg .4/ lq rughu wr rewdlq
wkh ghwxqlqj fxuyh dqg frqup wkh k|srwkhvlv ri dq dv|pphwulf vkdsh ri wkh
ghwxqlqj fxuyh1 Lw vkrxog eh qrwhg wkdw wkh dssurdfk ghvfulehg lq wkh iroorzlqj
rqo| wdnhv lqwr dffrxqw wudqvplvvlrq judwlqjv1 Doo uh hfwlrq judwlqjv kdyh ehhq
qhjohfwhg dv glvfxvvhg lq Vhf1 :141
:1514 Wkh Edqg Wudqvsruw Htxdwlrq
Wkh g|qdplf fkdujh glvwulexwlrq lq skrwruhiudfwlyh phgld fdq eh ghvfulehg e| wkh
zhoo nqrzq edqg wudqvsruw prgho/ zklfk zdv glvfxvvhg lq Vhf1 6161 Wkh iuhtxhqf|
vfdqqlqj hhfw kdv ehhq revhuyhg lq erwk ukrglxp grshg fu|vwdov +Fkdswhu 9,/
lq fredow grshg fu|vwdov ^4;4`/ lq fkurplxp grshg fu|vwdov +Fkdswhu ;,/ dqg lq
xqgrshg EdWlR6 fu|vwdov ^46;`1 Wkhuhiruh/ wkh vfdqqlqj phfkdqlvp pxvw eh gxh
wr vrph ixqgdphqwdo dvshfwv ri wkh skrwruhiudfwlyh hhfw1 Pruhryhu/ dv glvfxvvhg
lq Vhf1 915 ukrglxp grshg fu|vwdov fdq eh ghvfulehg e| wkh rqh fhqwhu prgho1
Wkhuhiruh/ zh fdq xvh wkh rqh fhqwhu edqg wudqvsruw prgho1 Wkh skrwryrowdlf fxu0
uhqw lv qhjohfwhg vlqfh lwv frqwulexwlrq wr wkh lqgxfhg vsdfh fkdujh hog lq edulxp
wlwdqdwh lv vpdoo +d ihz shufhqw rqo|,1^4;:` Htxdwlrqv 4904< fdq eh frpelqhg lqwr
rqh glhuhqwldo htxdwlrq> lq wkh glxvlrq grplqdwhg uhjlph wkh qrupdol}hg vsdfh
fkdujh hog hH
v


















































Khuh ng lv wkh fkdudfwhulvwlf Ghe|h zdyh qxpehu/ L lv wkh lqwhqvlw|/ dqg hHv lv wkh
dpsolwxgh ri wkh jhqhudwhg vsdfh fkdujh hog gxh wr fkdujh lpedodqfh wkdw kdv
ehhq qrupdol}hg zlwk wkh pd{lpxp ydoxh ri wkh vsdfh fkdujh hog/ Ht / fruuh0
vsrqglqj wr d fkdujh vhsdudwlrq ri 5@ng1 Wkh qrupdol}hg vsdfh fkdujh hog lv
glphqvlrqohvv1 Wkh ydoxh gl@L
3 fruuhvsrqgv wr wkh fkdudfwhulvwlf glhohfwulf wlph
frqvwdqw^;3`/ zkhuh L3 lv vrph fkdudfwhulvwlf lqwhqvlw| +h1j1/ dw wkh fhqwhu ri wkh
ehdp,1 Pruhryhu/ QG lv wkh ghqvlw| ri grqruv/ QD lv wkh ghqvlw| ri dffhswruv/ h lv
wkh hohfwurq fkdujh/ v lv wkh skrwrh{flwdwlrq frqvwdqw/ u lv wkh uhfrpelqdwlrq frq0
vwdqw/  lv wkh fduulhu prelolw|/ nE lv Erow}pdqq*v frqvwdqw/ W lv wkh whpshudwxuh/
w lv wkh wlph/ dqg 
hii lv wkh hhfwlyh orz iuhtxhqf| +vwdwlf, glhohfwulf frqvwdqw lq
wkh gluhfwlrq ri wkh judwlqj zdyh yhfwru +nj,1
Lq ghulylqj Ht1 67 lw kdv ehhq dvvxphg/ zklfk lv riwhq wkh fdvh^<:`/ wkdw qh 
QD  QG dqg hiiu@h 4/ zkhuh qh lv wkh hohfwurq ghqvlw|1 Wkh vsdfh fkdujh
hog/ zklfk lv d ixqfwlrq ri vsdfh dqg wlph/ lv wkh xqnqrzq wr eh irxqg iru nqrzq
looxplqdwlrq L ruljlqdwlqj iurp wkh lqflghqw odvhu ehdp1
:1515 Zdyh Sursdjdwlrq lq wkh Fu|vwdo
Wkh sureohp lv olplwhg wr wzr glphqvlrqv= rqh wudqvyhuvh gluhfwlrq +e{f, dqg rqh
orqjlwxglqdo gluhfwlrq +e}
f
,1 Wkh rulhqwdwlrq ri wkh frruglqdwh v|vwhp iru wkh fu|vwdo
lv vkrzq lq Ilj1 741 Wkh lqflghqw ehdp lv h{wudruglqdulo| srodul}hg +WP, dqg kdv
wkh hohfwulf hog yhfwru lq wkh e{f0e}f0sodqh1 Wkh gluhfwlrq ri wkh vsrqwdqhrxv srodu0
l}dwlrq +f0d{lv, frlqflghv zlwk wkh gluhfwlrq ri wkh srvlwlyh e{
f
0d{lv1 Wklv frqjxud0
wlrq fruuhvsrqgv wr d 30fxw fu|vwdo1 Wkh orqjlwxglqdo gluhfwlrq lv wkh suhgrplqdqw
gluhfwlrq ri sursdjdwlrq ri wkh lqflghqw ehdp/ zklfk phdqv wkdw zh fdq dvvxph
wkdw wkh lqwhqvlw| lq vsdfh ydulhv pxfk pruh dorqj wkh wudqvyhuvh gluhfwlrq wkdq
dorqj wkh orqjlwxglqdo gluhfwlrq1 Wkh ehdp sursdjdwlrq lq d phglxp zlwk vpdoo
vsdwldoo| ydu|lqj shuwxuedwlrq ri wkh uhiudfwlyh lqgh{/ zklfk lv wkh fdvh iru dq
looxplqdwhg skrwruhiudfwlyh fu|vwdo/ lv ghvfulehg e| wkh Khopkrow} zdyh htxdwlrq
u
5
H . n5H @ 3> +68,
zkhuh H lv wkh frpsoh{ dpsolwxgh ri wkh hohfwurpdjqhwlf hog/ n lv wkh zdyh yhfwru
lq wkh phglxp dqg u5 lv wkh Odsodfldq rshudwru1 Lw lv dvvxphg wkdw wkh dqjoh ri
sursdjdwlrq ri doo wkh ehdpv zlwk uhvshfw wr wkh e}f0d{lv lv vpdoo dv frpsduhg zlwk
xqlw| +u  4, dqg wkdw wkh hog lv wdnhq lq wkh irup H @ H3+{> },hln}f / zkhuh l
lv wkh frpsoh{ lpdjlqdu| xqlw1 Wkh jhqhudwhg vsdfh fkdujh hog/ H
v
/ prglhv wkh
fu|vwdo uhiudfwlyh lqgh{ wkurxjk wkh hohfwur0rswlfdo hhfw1 Wkh uhiudfwlyh lqgh{ lv
jlyhq e| q @ q3 .7q+Hv,/ zkhuh q3 lv wkh uhiudfwlyh lqgh{ zlwk qr looxplqdwlrq
zklfk lv wdnhq wr eh d olqhdu ixqfwlrq ri wkh zdyhohqjwk




zkhuh 3 lv wkh zdyhohqjwk durxqg zklfk wkh uhiudfwlyh lqgh{ kdv ehhq h{sdqghg1
Lq sudfwlfh wkh pdwhuldo glvshuvlrq frh!flhqw Cq3@C lv qhjdwlyh fruuhvsrqglqj wr
qrupdo glvshuvlrq1 Wkh rssrvlwh fdvh lv khuh uhihuuhg wr dv dqrpdorxv glvshuvlrq1
Wkh uhodwlrq ehwzhhq wkh vsdfh fkdujh hog dqg wkh fkdqjh lq wkh uhiudfwlyh lqgh{
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hiiHv/ zkhuh uhii lv wkh hhfwlyh hohfwur0rswlf
frh!flhqw1 Wkh frh!flhqw uhii ghshqgv rq wkh gluhfwlrq ri wkh judwlqj yhfwru Nj/
exw lv wdnhq wr eh frqvwdqw ryhu wkh qduurz udqjh ri sursdjdwlrq dqjohv1 Devrus0
wlrq kdv ehhq qhjohfwhg dqg wkh uhiudfwlyh lqgh{ lv wdnhq wr eh d uhdo ydoxh1 Zlwk
n @ n3q/ zkhuh n3 @ 5@ lv wkh zdyh yhfwru lq ydfxxp/ wkh h{suhvvlrqv iru q dqg
H duh lqvhuwhg lqwr Ht1 681 Zlwk wkh xvh ri wkh vorzo| ydu|lqj hqyhorsh dssur{l0
pdwlrq wkh iroorzlqj htxdwlrqv wkdw jryhuq wkh sursdjdwlrq ri wkh hohfwurpdjqhwlf













































n3uhiiHt lv wkh qrqolqhdu frxsolqj frqvwdqw1 Wkh hog hqyhorsh
H3+{f> }f, kdv ehhq odehohg zlwk d i +iruzdug, iru wkh hog sursdjdwlqj dorqj wkh
e}f d{lv dqg zlwk d e +edfnzdug, iru wkh hog sursdjdwlqj lq wkh rssrvlwh gluhfwlrq/
uhvshfwlyho|1
:1516 Vsdwldo Suroh ri Lqsxw Ehdp
Wkh vsdwldo hqyhorsh ri wkh ehdp wkdw lv odxqfkhg lqwr wkh fu|vwdo kdv d Jdxvvldq
vkdsh dqg kdv d vshfwuxp ri wkuhh orqjlwxglqdo prghv zlwk htxdo dpsolwxgh= rqh
fhqwhu prgh dw d zdyhohqjwk ri 3 dqg wzr vlgh prghv dw 4 dqg .4/ uhvshfwlyho|1
Lq iurqw ri wkh hqwudqfh vxuidfh ri wkh fu|vwdo wkh ehdp lv vhqw wkurxjk d ohqv zlwk
d irfdo ohqjwk u1 Iru d srvlwlyh irfdo ohqjwk wkh irfdo srlqw lv diwhu wkh hqwudqfh
vxuidfh ri wkh fu|vwdo dqg iru d qhjdwlyh irfdo ohqjwk wkh ehdp glyhujhv lqvlgh wkh
fu|vwdo1 Lq wkh fu|vwdo wkh ehdp lv odxqfkhg dw d sursdjdwlqj dqjoh u zlwk uhvshfw
wr wkh e}f0d{lv/ dv vkrzq lq Ilj1 741 Wkh hog dw wkh hqwudqfh ri wkh fu|vwdo +lqvlgh

























zkhuh z3 lv wkh vsrw vl}h dqg lv wkh ixoo zlgwk ri wkh lqwhqvlw| suroh phdvxuhg dw
4@h5/ Ds lv wkh dpsolwxgh/ {rii lv dq rvhw dorqj wkh e{f0d{lv/ s lv wkh prgh lqgh{
dqg H
s
qrlvh lv vxshulpsrvhg orz0lqwhqvlw| eurdgedqg edfnjurxqg udgldwlrq wkdw lv
khuh uhihuuhg wr dv qrlvh1
:1517 Qrlvh
Wkh rshudwlrq ri doo vhoi0sxpshg skdvh0frqmxjdwlrq jhrphwulhv duh edvhg rq rs0
wlfdo qrlvh1 Wkh qrlvh pd| eh gxh wr vfdwwhulqj fdxvhg e| lpshuihfwlrqv dw wkh
fu|vwdo vxuidfh ru wkurxjkrxw wkh fu|vwdo yroxph1 Lq wkh prgho wkh qrlvh +Hsqrlvh,
lv vxshulpsrvhg rq wkh looxplqdwlrq dw wkh hqwudqfh vxuidfh ri wkh fu|vwdo1 Wkh
vxshulpsrvhg qrlvh ri wkh wkuhh prghv duh xqfruuhodwhg1 Wkh srzhu vshfwuxp ri




1 Wkh dqjoh ri 63 lv vlplodu wr wkh ydoxh xvhg lq Uhi1 ^<:`/ exw
wkh ydoxh pd| eh h{sodlqhg dv iroorzv= zkhq d odvhu ehdp hqwhuv d fu|vwdo/ wkh
vfdwwhuhg oljkw zloo suhgrplqdqwo| sursdjdwh lq wkh vdph gluhfwlrq dv wkh odvhu/
exw zloo kdyh d fhuwdlq glyhujhqfh1
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Wkh wrwdo srzhu ri wkh qrlvh iru hdfk prgh lv 435 ri wkdw ri lwv Jdxvvldq nhuqho1
Wkh wrwdo lqwhqvlw| lv jlyhq e|



























zkhuh 3 lv wkh lpshgdqfh ri ydfxxp1 Hyhq zlwk qr looxplqdwlrq ri wkh fu|vwdo/
wkhupdo jhqhudwlrq ri fduulhuv zloo wdnh sodfh/ zklfk ohdgv wr gdun frqgxfwlylw|1
Wkhuhiruh/ dq htxlydohqw gdun lqwhqvlw| Lg lv dgghg wr Ht1 731 Wkh gdun lqwhqvlw|
lv wdnhq wr eh frqvwdqw zlwklq wkh fu|vwdo dqg lv vhw wr 436 ri wkdw ri wkh shdn
lqwhqvlw| ri wkh vxp ri wkh Jdxvvldq nhuqhov1^<:`
:1518 Vroyhu Dojrulwkp















d fulwhulrq wkdw lv ixooohg zkhq wkh prgxodwlrq ri wkh lqwhqvlw| lv vpdoo dqg wkh
iulqjh vsdflqj lv odujhu wkdq wkh Ghe|h iulqjh vsdflqj1 Iru wkh judwlqj vwuxfwxuhv









 lv irxqg wr eh ohvv wkdq 3158 zlwklq wkh
hqwluh fu|vwdo dqg kdv d ihz vslnhv ri xs wr 3181 Ixuwkhupruh/ d gluhfw frpsdulvrq
ri wkh uhvxowv rewdlqhg zlwk dqg zlwkrxw wkh qrqolqhdu whupv iru d vhoi0iruphg
irxu0zdyh pl{lqj jhrphwu| kdv ehhq uhsruwhg1^4;7` Wkh frqfoxvlrq ri wkdw vwxg|
zdv wkdw wkh uhsodfhphqw ri wkh qrqolqhdu whupv zlwk xqlw| kdg qr vljqlfdqw
lq xhqfh1 Wkhvh idfwv mxvwli| wkh vlpsolfdwlrq shuiruphg khuh1
Lq rughu wr vroyh wkh sureohp Htv1 67/ 6:/ dqg 6; pxvw eh vroyhg vlpxowdqhrxvo|1
Wkh e{f0e}f0sodqh/ zklfk kdv d vl}h ri o{ o}/ lv glylghg lqwr d julg ri 63334333
srlqwv zlwk htxdo vsdflqj dorqj hdfk glphqvlrq1 Htxdwlrq 67 ghshqgv rqo| rq wkh
{f0frruglqdwh/ dqg wkh vsdfh fkdujh hog/ hHv+{f> }f,/ fdq eh ghwhuplqhg dorqj wkh
e{f0d{lv +iru {hg }f, lqghshqghqwo| iru hdfk volgh dw }f1 Iru d nqrzq lqwhqvlw|




















































zkhuh y lv wkh lqgh{ dorqj wkh wudqvyhuvh gluhfwlrq dqg x lv wkh wlph lqgh{1 Wkh
frqvwdqw { lv wkh vdpsolqj shulrg dorqj wkh e{f0d{lv dqg w lv wkh wlph vwhs1
Lq wklv vwxg| wkh xvh ri wlph dyhudjlqj lq wkh qlwh0glhuhqfh vfkhph zdv irxqg
lpsruwdqw vlqfh lw hqkdqfhg wkh vwdelolw| dqg wkh frqyhujhqf| ri wkh vroxwlrq1




hHv, zlwk xqlw|/ dv glvfxvvhg
deryh/ kdv wkh lpphqvh ehqhw wkdw wkh qdo v|vwhp ri htxdwlrqv +Ht1 75, eh0
frphv wulgldjrqdo dqg fdq eh vroyhg yhu| idvw qxphulfdoo| zlwk d uhdg|0wr0xvh
dojrulwkp1^4;;`
Dffruglqj wr Htv1 6: dqg 6;H3+{f> }f, ghshqgv rq erwk wkh {f0 dqg }f0frruglqdwh
dqg fdq eh vroyhg zlwk d qlwh0glhuhqfh Fudqn0Qlfkrovrq w|sh vfkhph1 Lq wklv
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wkhvlv d zlgh0dqjoh sursdjdwlrq phwkrg edvhg rq d jhqhudol}hg Grxjodv qlwh0
glhuhqfh vfkhph lv dssolhg1^4;<`
:1519 Idqqlqj
Idqqlqj lv qhfhvvdu| iru wkh exlog0xs ri wkh judwlqj vwuxfwxuh ri wkh Fdw jhrphwu|1
Dv glvfxvvhg lq Vhf1 718/ wkh ruljlq ri idqqlqj lv dpsolfdwlrq ri vfdwwhuhg oljkw
e| hqhuj| frxsolqj +wzr0zdyh pl{lqj, ehwzhhq wkh vfdwwhuhg ehdp +qrlvh, dqg
wkh lqflghqw ehdp lwvhoi1 Iljxuh 76 vkrzv d qxphulfdoo| jhqhudwhg h{dpsoh ri wkh
idqqlqj skhqrphqrq1 Wkh jxuh glvsod|v wkh wrwdo lqwhqvlw| glvwulexwlrq wkurxjk0
rxw wkh fu|vwdo1 Wkh ehdp lv odxqfkhg lqwr wkh fu|vwdo iurp wkh ohiw0kdqg vlgh dqg
sursdjdwhv wrzdugv wkh uljkw0kdqg vlgh1 Wkh lqlwldo sursdjdwlrq dqjoh lv u @ 05
1
Doo rwkhu sdudphwhuv duh jlyhq lq Wdeoh 51 Wkh fu|vwdo vxuidfh dw }f @ o} lv khuh
wdnhq wr eh wudqvsduhqw1 Lw lv revhuyhg wkdw wkh vxshulpsrvhg qrlvh fdxvhv wkh
ehdp wr vsolw xs lqwr d idq ri oljkw1 Wkh qrlvh lv dpsolhg e| d wzr0zdyh pl{lqj
surfhvv dqg/ dv d uhvxow/ wkh odxqfkhg ehdp lv doprvw gudlqhg iurp hqhuj| e| wkh
wlph lw uhdfkhv wkh fu|vwdo vxuidfh dw }f @ o} 1 Wkh qxphulfdo uhvxowv kdyh ehhq
rewdlqhg e| vroylqj Htv1 6: dqg 751
Iljxuh 761 H{dpsoh ri idqqlqj1 Lpdjh ri wkh wrwdo lqwhqvlw| glvwulexwlrq wkurxjkrxw
wkh fu|vwdo1 D vlqjoh ehdp lv vhqw wkurxjk wkh fu|vwdo zlwk qr uh hfwlrq dw wkh hqg
idfh ri wkh fu|vwdo1 Wkh fu|vwdo lv 3158 pp zlgh dqg 413 pp orqj1 Wkh hqwudqfh
vxuidfh lv wr wkh ohiw1 Wkh f0d{lv srlqwv grzqzdugv1
:16 Wkh Irupdwlrq ri Judwlqjv lq wkh Fdw Jhrp0
hwu|
Dv wkh hogv fruuhvsrqglqj wr wkh wkuhh prghv sursdjdwh lq wkh fu|vwdo/ wkh vlgh
zdoov ri wkh fu|vwdo/ {f @ 3 dqg {f @ o{/ duh wdnhq wr eh lghdoo| uh hfwlqj1 Wkh
iruzdug sursdjdwlqj hog H
i
3
+{f> }f @ o}, lqflghqw dw wkh edfn ri wkh fu|vwdo idfh
dw }f @ o} lv ghfrpsrvhg lqwr Irxulhu kduprqlfv1 Gxh wr wkh idqqlqj d iudfwlrq
ri wkh ehdp sursdjdwhv dw dqjohv glhuhqw iurp wkh dqjoh dw zklfk wkh ehdp zdv
odxqfkhg lqwr wkh fu|vwdo +u,1 Wkrvh lqflghqw dw dqjohv odujhu wkdq 45 +@ WLU,
xqghujr wrwdo lqwhuqdo uh hfwlrq> wkh uhvw duh wrwdoo| wudqvplwwhg1 Wkh uh hfwhg
hog lv wudqviruphg edfn lqwr wkh vsdfh grpdlq dqg ehfrphv wkh edfnzdug surs0
djdwlqj hog He
3
+{f> }f @ o},1 Wkh surfhgxuh iru wkh vlpxodwlrqv lv dv iroorzv= wkh
wkuhh orqjlwxglqdo prghv duh odxqfkhg lqwr wkh fu|vwdo rqh dw d wlph1 Wkh hog
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fruuhvsrqglqj wr hdfk prgh sursdjdwhv iruzdug wr wkh hqg ri wkh fu|vwdo zkhuh d
sduw ri lw xqghujrhv wrwdo lqwhuqdo uh hfwlrq1 Wkh uh hfwhg sduw ri wkh hog wkhq
sursdjdwhv edfnzdug wr wkh hqwudqfh vxuidfh ri wkh fu|vwdo1 Lq rughu wr lqfuhdvh
wkh irupdwlrq ri wkh judwlqj vwuxfwxuh iru wkh edfnzdug sursdjdwlrq/ eurdgedqg
qrlvh lv dgghg wr wkh uh hfwhg sduw ri wkh hog1 Wkh srzhu vshfwuxp ri wkh qrlvh
kdv d Eurdgedqg Jdxvvldq hqyhorsh zlwk d ixoo zlgwk dw kdoi0pd{lpxp ri 433
fhqwhuhg durxqg wkh e}f0d{lv1 Wkh wrwdo srzhu ri wkh qrlvh lv 843
6
ri wkdw ri lwv
Jdxvvldq nhuqho dw H
i
3
+{f> }f @ 3,1 Diwhu wkh edfnzdug sursdjdwlrq ri wkh wkuhh
prghv/ wkh wrwdo lqwhqvlw| glvwulexwlrq wkurxjkrxw wkh e{f0e}f0sodqh lv fdofxodwhg
dffruglqj wr Ht1 731 Wkh vsdfh fkdujh hog lv wkhuhdiwhu ghwhuplqhg e| vroylqj
Ht1 751 Zkhq wkh vsdfh fkdujh hog kdv ehhq ghwhuplqhg/ rqh wlph vwhs lv wdnhq
dqg wkh wkuhh prghv duh djdlq odxqfkhg lqwr wkh fu|vwdo iru zklfk wkh uhiudfwlyh
lqgh{ q+{f> }f, kdv ehhq voljkwo| prglhg gxh wr wkh vsdfh fkdujh hog wkurxjk
wkh hohfwur0rswlfdo hhfw/ dqg vr rq1 Dv wlph hodsvhv/ wkh judwlqjv zloo ehfrph
vwurqjhu dqg/ hyhqwxdoo|/ d vhoi0sxpshg Fdw jhrphwu| zloo irup1
Wkh rxwsxw hog H
e>s
3
+{f> }f @ 3, ri wkh Fdw jhrphwu| lv fkdudfwhul}hg e| wkh

















































































Wkh uh hfwlylw| dqg gholw|/ dv ghqhg khuh/ duh phdvxuhv ri krz odujh d iudfwlrq
ri wkh odxqfkhg hqhuj| wkdw lv uhwxuqhg edfn wkurxjk wkh hqwudqfh vxuidfh +}f@
3, dqg krz odujh d iudfwlrq wkdw lv vhqw edfn wrzdugv wkh odvhu/ uhvshfwlyho|1 Wkh
uh hfwlylw| dqg wkh gholw| fdq kdyh d ydoxh ehwzhhq }hur dqg xqlw|1
:17 Qxphulfdo Uhvxowv dqg Glvfxvvlrq
Wr nhhs wkh frpsxwdwlrqdo FSX wlph dw d uhdvrqdeoh ohyho/ wkh glphqvlrqv ri wkh
qrqolqhdu fu|vwdo dqg wkh ehdp vl}h kdyh ehhq pdgh vpdoohu wkdq wkh w|slfdo vl}h
ri d fu|vwdo xvhg iru h{shulphqwv1 Wkh uhvxow ri wkh vpdoo fu|vwdo dqg ehdp vl}hv lv
wkdw wkh qxpehu ri od|huv ri wkh jhqhudwhg judwlqjv lv orz dqg/ frqvhtxhqwo|/ wkh
judwlqj vwuxfwxuh lv qrw yhu| zdyhohqjwk vhohfwlyh1 Edvhg rq wkh ehdp vl}h xvhg
lq wkh qxuphulfdo dqdo|vlv/ wkh zdyhohqjwk vhohfwlylw| ri wkh wudqvplvvlrq judwlqjv
kdv ghfuhdvhg urxjko| whq wlphv frpsduhg zlwk h{shulphqwv1 Lq rughu wr hqkdqfh
wkh lqwhuihuhqfh ri wkh judwlqjv iruphg e| wkh wkuhh orqjlwxglqdo prghv/ wkh prgh
vsdflqj xvhg zlwk wkhvh vlpxodwlrqv lv dffruglqjo| lqfuhdvhg e| d idfwru ri whq1
Wkh prgh vsdflqj ri d odvhu glrgh lv w|slfdoo| 314 qp1 Lq wkhvh vlpxodwlrqv wkh
prgh vsdflqj lv IS @ 4 qp1 Wkh lqlwldo sursdjdwlrq dqjoh 
s
u ri wkh vlgh prghv
lv ghwhuplqhg e| wkh uhiudfwlyh lqgh{1 Wkh dqjohv su duh fdofxodwhg e| vhwwlqj wkh
dqjoh ri lqflghqfh dw wkh fu|vwdo wr l @ 93
 iru doo wkh orqjlwxglqdo prghv1 s
u
lv fdofxodwhg edvhg rq wkh uhiudfwlyh lqgh{ dqg e| vxewudfwlqj wkh frqvwdqw dqjoh
rvhw vlq4 +vlq+93,@q3 +3,,5 vr wkdw 3u @ 5

iru wkh fhqwhu prgh 31 Iru doo
wkh vlpxodwlrqv suhvhqwhg lq wklv fkdswhu wkh sdudphwhuv duh jlyhq lq Wdeoh 51
Wkh uh hfwlylw| dqg gholw| ri wkh wkuhh prghv duh lqfuhdvhg wr pruh wkdq 31<3
dw w @ 43 v1 Vwhdg| vwdwh/ l1h1 zkhuh wkh uh hfwlylw| dqg gholw| dv|pswrwlfdoo|
dssurdfk d pd{lpxp ydoxh/ lv w|slfdoo| uhdfkhg dw w @ 53063 v1 Dw vwhdg| vwdwh
wkh uh hfwlylw| jhqhudoo| dssurdfkhv 31<< dqg wkh gholw| ehfrphv pruh wkdq 31<8
iru doo wkh orqjlwxglqdo prghv1 Iljxuh 77 glvsod|v dq lpdjh ri wkh wrwdo lqwhqvlw|
UlvûU436;+HQ, ;<
glvwulexwlrq wkurxjkrxw wkh fu|vwdo iru w @ 83 v iru d w|slfdo vlpxodwlrq1 Lw lv
revhuyhg wkdw prvw ri wkh hqhuj| ri wkh pdlq ehdp ehqgv wrzdugv wkh fruqhu dqg
lv uhwur hfwhg gxh wr wrwdo lqwhuqdo uh hfwlrq1
Iljxuh 771 Lpdjh ri wkh wrwdo lqwhqvlw| glvwulexwlrq wkurxjkrxw wkh fu|vwdo iru d Fdw
jhrphwu|1 Wkh fu|vwdo lv 3158 pp zlgh dqg 413 pp orqj1 Wkh hqwudqfh vxuidfh lv
wr wkh ohiw1 Wkh f0d{lv srlqwv grzqzdugv1
Iljxuh 78 glvsod|v wkh wrwdo lqwhqvlw| glvwulexwlrq L+{f> }f @ 3, dw wkh hqwudqfh
vxuidfh ri wkh fu|vwdo iru wkh vlpxodwlrq vkrzq lq Ilj1 771 Erwk wkh odxqfkhg lqsxw
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Wdeoh 51 Sdudphwhuv xvhg lq doo wkh qxphulfdo vlpxodwlrqv1 d= Fruuhvsrqgv wr 58
ehwzhhq judwlqj yhfwru dqg f0d{lv/ vhh Ht1 561 e= Shdn lqwhqvlw| iru rqh prgh1 f=
Lqlwldo sursdjdwlrq dqjoh iru wkh fhqwhu prgh1
<3 UlvûU436;+HQ,
ehdp frqwdlqlqj doo wkh wkuhh prghv dqg wkh skdvh frqmxjdwh ehdp +doo wkuhh
prghv, kdyh ehhq sorwwhg lq wkh judsk1 Lw lv vhhq wkdw wkh surohv ri wkh lqsxw
ehdp dqg wkh skdvh frqmxjdwh ehdp duh doprvw lghqwlfdo +K @ 31<9,1 Rqo| lq wkh
udqjh iurp 3 wr 31358 pp ri wkh glvwulexwlrqv lv wkhuh d voljkw plvpdwfk zklfk
lv fdxvhg e| hqhuj| wkdw kdv ehhq uhwur hfwhg gxh wr wrwdo lqwhuqdo uh hfwlrq dw
wkh fruqhu exw kdv hvfdshg wkh judwlqjv/ dv fdq eh vhhq lq wkh xsshu ohiw fruqhu ri
Ilj1 771






1.0  Input beam














Iljxuh 781 Furvv vhfwlrq ri wrwdo lqwhqvlw| dw wkh hqwudqfh vxuidfh +}f @ 3,1 Erwk
wkh lqsxw ehdp +vrolg grwv, dqg wkh skdvh frqmxjdwh ehdp +vrolg olqh, duh vkrzq1
Wkh surohv duh d vxppdwlrq ri wkh lqwhqvlw| surohv fruuhvsrqglqj wr wkh wkuhh
orqjlwxglqdo prghv1
:1714 Ghwxqlqj Fxuyh ri wkh Judwlqj Vwuxfwxuh
Zkhq vwhdg| vwdwh kdv ehhq uhdfkhg/ wkh fkdudfwhulvwlfv ri wkh judwlqj vwuxfwxuh ri
wkh Fdw frqmxjdwru jhqhudwhg e| wkh wkuhh prghv fdq eh hydoxdwhg e| odxqfklqj d
sureh ehdp zlwk d zdyhohqjwk  lqwr wkh fu|vwdo1 Wkh sureh lv sursdjdwhg iruzdug
dqg edfnzdug wkurxjk wkh fu|vwdo dqg/ qdoo|/ wkh uh hfwlylw| dqg gholw| jlyhq e|
Htv1 76 dqg 77/ uhvshfwlyho|/ duh fdofxodwhg1 E| surelqj dw vhyhudo zdyhohqjwkv wkh
ghwxqlqj fxuyh fdq eh rewdlqhg1 Iljxuh 79+d, vkrzv d w|slfdo uh hfwlylw| ghwxqlqj
fxuyh1 Wkh vlpxodwlrq sdudphwhuv duh jlyhq lq wkh jxuh fdswlrq1 Wkh pd{lpxp
uh hfwlylw| lv 31<: dqg lv irxqg dw  @ 3/ dv zdv wr eh h{shfwhg1 Wkh kxjh udqjh ri
433 qp rq wkh devflvvd lv gxh wr wkh yhu| orz zdyhohqjwk vhohfwlylw| ri wkh judwlqj
vwuxfwxuh/ dv glvfxvvhg suhylrxvo|1 Dv wkh zdyhohqjwk lv ghwxqhg zlwk uhvshfw wr
3/ wkh dprxqw ri uh hfwhg hqhuj| lv ri frxuvh ghfuhdvlqj1
Lq Ilj1 79+e, wkh gholw| ghwxqlqj fxuyh lv vkrzq1 Wkh pd{lpxp gholw| lv irxqg
dw  @ 3/ dv zdv wr eh h{shfwhg1 Wkh vkdsh kdv d ihz orfdo plqlpxpv/ zklfk
dovr lv revhuyhg iru d vlqjoh wudqvplvvlrq judwlqj1^4<5` Wkh zdyhohqjwk vhohfwlylw|/
ghqhg dv wkh gholw| dw ixoo zlgwk dw kdoi0pd{lpxp/ lv irxqg wr eh dv odujh dv
49 qp1 Gxh wr wkh qdwxuh ri wkh skdvh frqmxjdwh ehdp +wkh glvwruwlrq fruuhfwlrq
wkhruhp, dv lw sursdjdwhv edfn wrzdugv wkh odvhu wkurxjk ohqvhv/ hwf1/ d odujhu
gholw| phdqv wkdw pruh hqhuj| zloo hyhqwxdoo| eh gluhfwhg edfn lqwr wkh jdlq
phglxp ri wkh odvhu1 E| frpsdulqj wkh zlqjv ri wkh ghwxqlqj fxuyh lq Ilj1 79+e,
lw lv fohduo| vhhq wkdw wkh fxuyh lv dv|pphwulf zlwk uhvshfw wr wkh fhqwhu zdyhohqjwk
+3, ri wkh vshfwuxp wkdw ruljlqdoo| zurwh wkh judwlqj vwuxfwxuh1 Iru wkh vfdqqlqj
UlvûU436;+HQ, <4



































Iljxuh 791 Ghwxqlqj fxuyhv1 Wkh glvshuvlrq frh!flhqw lv 0419438 dqg wkh irfdo
ohqjwk u lv 05173 pp1 Wkh rwkhu sdudphwhuv duh jlyhq lq Wdeho 41 +d, wkh uh hfwlylw|
U dv d ixqfwlrq ri wkh uhodwlyh ghwxqhg zdyhohqjwk +3,> +e, wkh skdvh frqmxjdwh
gholw| K dv d ixqfwlrq ri wkh uhodwlyh ghwxqhg zdyhohqjwk1
ehkdylru wkh vkdshv ri wkh zlqjv duh ri plqru lpsruwdqfh li ri dq| dw doo1 Lw lv
rqo| wkh vkdsh ri wkh ghwxqlqj fxuyh lq wkh zdyhohqjwk udqjh fruuhvsrqglqj wr wkh
vshfwuxp ri wkh odvhu wkdw lv lpsruwdqw1 Wkh vshfwuxp ri wkh wkuhh prghv xvhg
khuh vsdqv ryhu rqo| 5 qp zklfk lv pxfk ohvv wkdq wkh zdyhohqjwk vhohfwlylw| ri wkh
judwlqj vwuxfwxuh1 Wkh vfdqqlqj ehkdylru fdq wkhuhiruh eh hydoxdwhg e| frpsdulqj
wkh gholw| ri wkh zdyhohqjwkv fruuhvsrqglqj wr wkh wzr vlgh prghv 
4 dqg .41
D odujhu gholw| frqvhtxhqwo| phdqv d odujhu uh hfwlrq frh!flhqw Uh{w iru wkh vlgh
prgh frqvlghuhg1 Pruhryhu/ wkh ghwxqlqj fxuyh lq Ilj1 79+e, kdv d frqyh{ vkdsh
zlwk qr orfdo plqlpxpv lq wkh udqjh iurp 
4 wr .4/ dqg wkh vfdqqlqj ehkdylru
lv wkhuhiruh ixoo| ghvfulehg e| frpsdulqj wkh gholw| hydoxdwhg dw 
4 dqg .4/
vlqfh rqh fdq lpdjlqh wkh g|qdplfdoo| jhqhudwhg ghwxqlqj fxuyh volglqj dorqj wkh
zdyhohqjwk d{lv dv wkh vshfwuxp vfdqv e| wdnlqj rqh orqjlwxglqdo *vwhs* dw d wlph/
dv ghvfulehg lq Vhf1 :141
:1715 Wkh Lq xhqfh ri Pdwhuldo Glvshuvlrq
Wkh lq xhqfh ri wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh fu|vwdo fdq qrz eh lq0
yhvwljdwhg e| fdofxodwlqj wkh ghwxqlqj fxuyh iru glhuhqw vhwwlqjv ri wkh pdwhuldo
glvshuvlrq1 Glhuhqw vhwwlqjv ri wkh glvshuvlrq zloo uhvxow lq d voljkw fkdqjh lq wkh
vkdsh ri wkh ghwxqlqj fxuyh1 Iljxuh 7: glvsod|v wkh udwlr ehwzhhq wkh gholw| dw .4
dqg 
4/ uhvshfwlyho|/ dv d ixqfwlrq ri wkh pdwhuldo glvshuvlrq frh!flhqw Cq3@C1
<5 UlvûU436;+HQ,
Iru d {hg glvshuvlrq frh!flhqw/ wklv skdvh frqmxjdwh gholw| udwlr K.4@K4
fkdqjhv voljkwo| iru hdfk hydoxdwlrq ehwzhhq wkh wlph vwhsv lq wkh *vwhdg| vwdwh*
udqjh +l1h1 iru w A 63 v,1 Lq rwkhu zrugv= wkh gholw| udwlr  xfwxdwhv dv wlph hodsvhv1
Wkh  xfwxdwlrqv pd| eh fdxvhg e| olplwhg qxphulfdo suhflvlrq1 Lq rughu wr frp0
shqvdwh iru wkh  xfwxdwlrqv wkh gholw| udwlr kdv ehhq dyhudjhg lq wkh *vwhdg|
vwdwh* udqjh iurp w @ 73 v wr w @ 83 v zkhuh K.4 dqg K4 kdyh ehhq hydoxdwhg
hyhu| 314 v +rqh wlph vwhs,1 Lw lv wkh dyhudjhg gholw| udwlr wkdw lv vkrzq lq Ilj1
7:1
D gholw| udwlr odujhu wkdq rqh phdqv wkdw wkh gholw| dw .4 lv odujhu wkdq dw

4 dqg wkdw wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj fdq eh h{shfwhg wr eh wrzdugv d
orqjhu zdyhohqjwk1 Iru EdWlR6 wkh pdwhuldo glvshuvlrq Cq3@C lv dssur{lpdwho|
0419438 p4 dw ;47 qp zdyhohqjwk +vhh Dsshqgl{ G,1 Wr jhw d txdolwdwlyh gh0
vfulswlrq ri wkh whqghqflhv wkh udqjh ri wkh glvshuvlrq d{lv lq Ilj1 7: kdv ehhq
h{sdqghg wr wzhqw| wlphv wklv ydoxh1 Wkh glvshuvlrq dw 833 qp/ krzhyhu/ dw zklfk
iuhtxhqf| vfdqqlqj kdv dovr ehhq revhuyhg/ lv yh wlphv dv odujh dv dw ;33 qp +vhh
Dsshqgl{ G,/ vr wkh pd{lpxp glvshuvlrq xvhg lq wkhvh vlpxodwlrqv lv zlwklq d
uhdvrqdeoh udqjh1 EdWlR6 kdv qrupdo glvshuvlrq exw lq rughu wr kdyh pruh jhqhudo
ydolglw| wkh dqrpdorxv glvshuvlrq kdv dovr ehhq lqfoxghg lq Ilj1 7:1

















 Converging beam (r > 0)
































Iljxuh 7:1 Udwlr ri wkh skdvh frqmxjdwh gholw| +K.4@K4, hydoxdwhg dw wkh zdyh0
ohqjwkv fruuhvsrqglqj wr wkh wzr vlgh prghv .4 dqg 4 dv d ixqfwlrq ri wkh
glvshuvlrq frh!flhqw1
Wkuhh fxuyhv duh vkrzq lq Ilj1 7:= rqh iru d froolpdwhg ehdp +u @4,/ rqh iru d
glyhujlqj ehdp +u @ 05173 pp, dqg rqh iru d frqyhujlqj ehdp +u @ 5173 pp,1 Wkh
sureh ehdp kdv wkh vdph vl}h dqg glyhujhqfh dv wkh ehdp wkdw ruljlqdoo| zurwh
wkh judwlqj vwuxfwxuh1 Qr qrlvh lv dgghg wr wkh sureh ehdp1 Wkh vlpxodwlrqv duh
shuiruphg zlwk wzr frpsohwho| glhuhqw vhwv ri vxshulpsrvhg qrlvh +Hsqrlvh/ s @
4/ 5 dqg 6/ lq Ht1 6<,1 Wkh wzr vhwv ri qrlvh duh xqfruuhodwhg exw frqwdlq wkh vdph
wrwdo srzhu1 Wkh rewdlqhg Fdw jhrphwulhv zlwk wkh wzr vhwv ri qrlvh duh vlplodu/
UlvûU436;+HQ, <6
exw gr qrw surgxfh ehdp odphqwv dw wkh vdph vsdwldo srvlwlrqv +vhh Ilj1 77,1
Krzhyhu/ hyhq wkurxjk wkh frpsoh{ judwlqj vwuxfwxuhv duh voljkwo| glhuhqw iru
wkh wzr vhwv ri qrlvh/ wkh| surgxfh yhu| vlplodu ghwxqlqj fxuyhv +iurp d sk|vlfdo
srlqw ri ylhz wklv zrxog eh h{shfwhg,1 Wkh gholw| udwlr sorwwhg lq Ilj1 7: lv
wkhuhiruh dq dyhudjh ri wkh gholw| udwlr K.4@K4 rewdlqhg iru hdfk ri wkh wzr
vhwv ri qrlvh1 Wkh glhuhqfh lq K
.4@K4 iru wkh wzr vhwv ri qrlvh ghwhuplqhv wkh
pdjqlwxgh ri wkh huuru eduv ri wkh wkuhh fxuyhv1
Zlwkrxw uhjdug wr wkh irfxvlqj frqglwlrqv/ wkh uvw revhuydwlrq lv wkdw wkh 0
gholw| udwlr ehfrphv odujhu dv wkh dpsolwxgh ri wkh qrupdo glvshuvlrq lv lqfuhdvhg1
Li wkh ehdp lv qrq0froolpdwhg dqg wkh glvshuvlrq lv qrupdo/ wkh iuhtxhqf| vfdqqlqj
fdq eh h{shfwhg wr eh wrzdugv d orqjhu zdyhohqjwk1 Iru wkh froolpdwhg ehdp/ vfdq0
qlqj wrzdugv d vkruwhu zdyhohqjwk pd| eh h{shfwhg lq wkh udqjh iurp 3 wr 08438
p
4
1 Wkh glyhujhqfh dqg frqyhujhqfh dqjohv/ krzhyhu/ xvhg lq wkhvh vlpxodwlrqv
duh urxjko| 31: dqg lw lv gl!fxow wr dfklhyh ehwwhu froolpdwlrq lq h{shulphqwv
vlqfh wkh ehdp lv riwhq irfxvhg zlwk d ohqv lq iurqw ri wkh fu|vwdo1 Wkh uhvxowv ri
wkh vlpxodwlrqv duh wkhuhiruh lq jrrg djuhhphqw zlwk wkh h{shulphqwv suhvhqwhg
lq Fkdswhu 9 dqg wkh uhsruwhg revhuydwlrqv ^46;/ 4;3/ 4;4` zlwk d odvhu glrgh
frxsohg wr d Fdw frqmxjdwru iru zklfk vfdqqlqj wrzdugv d orqjhu zdyhohqjwk lv
dozd|v revhuyhg1 Iru wkh froolpdwhg ehdp wkh whqghqf| lv uhyhuvhg/ l1h1 zhwkhu wkh
vfdqqlqj lv wrzdugv d orqjhu ru d vkruwhu zdyhohqjwk/ dv wkh vljq ri wkh glvshu0
vlrq lv dowhuhg> iru dqrpdorxv glvshuvlrq wkh vfdqqlqj lv h{shfwhg wr eh wrzdugv
d vkruwhu zdyhohqjwk1 Wklv uhyhuvlelolw|/ l1h1 vfdqqlqj wrzdugv d orqjhu zdyhohqjwk
iru qrupdo glvshuvlrq/ dqg vfdqqlqj wrzdugv d vkruwhu zdyhohqjwk iru dqrpdohrxv
glvshuvlrq/ fohduo| pdqlihvwv wkh lq xhqfh ri wkh pdwhuldo glvshuvlrq ri wkh fu|vwdo
rq wkh vfdqqlqj surfhvv1 Wkh vfdqqlqj ehkdylru lv qrw dv pdunhgo| uhyhuvhg iru
wkh frqyhujlqj ehdp zkhq wkh vljq ri wkh glvshuvlrq lv fkdqjhg dv lw zdv wkh
fdvh zlwk wkh froolpdwhg ehdp1 Krzhyhu/ wkh whqghqf| lv wkh vdph= vfdqqlqj wr0
zdugv d orqjhu zdyhohqjwk iru qrupdo glvshuvlrq/ dqg vfdqqlqj wrzdugv d vkruwhu
zdyhohqjwk iru dqrpdohrxv glvshuvlrq1 Dqrwkhu lpsruwdqw revhuydwlrq lv wkdw wkh
gholw| udwlr dssurdfkhv xqlw| li qr glvshuvlrq ri wkh uhiudfwlyh lqgh{ ri wkh fu|vwdo
lv suhvhqw1 Wklv lv uhjdugohvv ri wkh irfxvlqj frqglwlrqv1 Lq rwkhu zrugv= zh kdyh
vkrzq wkdw wkh suhvhqfh ri glvshuvlrq lq wkh fu|vwdo ohdgv wr dq dv|pphwulf gh0
wxqlqj fxuyh dqg/ frqvhtxhqwo|/ zh frqfoxgh wkdw glvshuvlrq lv wkh ruljlq ri wkh
vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1
:18 Vxppdu|
Zh kdyh dqdo|}hg wkh frpsoh{ judwlqj vwuxfwxuh iruphg lq d vhoi0sxpshg skr0
wruhiudfwlyh edulxp wlwdqdwh skdvh frqmxjdwru duudqjhg lq d Fdw jhrphwu|1 Wkh
iudphzrun iru wkh dqdo|vlv lv d wzr0glphqvlrqdo qxphulfdo prgho edvhg rq wkh skr0
wruhiudfwlyh edqg wudqvsruw htxdwlrqv1 Wkh prgho wdnhv lqwr dffrxqw wudqvplvvlrq
judwlqjv jhqhudwhg e| wkuhh orqjlwxglqdo prghv iurp d odvhu1 Zh kdyh vkrzq wkdw
wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh frqmxjdwru fu|vwdo ohdgv wr dq dv|pphwulf
ghwxqlqj fxuyh zlwk uhvshfw wr wkh fhqwhu zdyhohqjwk ri wkh vshfwuxp ri wkh odvhu
wkdw lqgxfhv wkh judwlqj vwuxfwxuh1 Wklv dv|pphwu| fdxvhv vhoi0lqgxfhg iuhtxhqf|
vfdqqlqj1 Iru qrupdo glvshuvlrq +qhjdwlyh glvshuvlrq, wkh uhvxowv ri wkh vlpxodwlrqv
suhglfw vhoi0lqgxfhg iuhtxhqf| vfdqqlqj wrzdugv d orqjhu zdyhohqjwk uhjdugohvv ri
wkh irfxvlqj frqglwlrqv ri wkh lqflghqw ehdp1 Wkh vfdqqlqj wrzdugv d orqjhu zdyh0
ohqjwk lv lq djuhhphqw zlwk suhylrxvo| uhsruwhg h{shulphqwv^46;/ 4;3/ 4;4` zkhuh
d glrgh odvhu lv frxsohg wr d Fdw frqmxjdwru1 Wkh qglqjv vkrz wkdw wkh pdwhuldo
glvshuvlrq ri wkh EdWlR6 fu|vwdo lv wkh ruljlq ri wkh vhoi0lqgxfhg vfdqqlqj surfhvv1
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; Zdyhohqjwk Vhohfwlylw| ri wkh Frq0
mxjdwru Judwlqj Vwuxfwxuh
Wkh suhvhqw fkdswhu lv ghyrwhg wr d vwxg| ri wkh Fdw frqmxjdwru iruphg lq d skr0
wruhiudfwlyh EdWlR6 fu|vwdo1 Lq wkh surfhvv ri vxssuhvvlqj wkh pxowlprgh rshudwlrq
ri d odvhu glrgh e| frxsolqj lw wr d skdvh frqmxjdwh pluuru +SFP,/ lw lv lpsruwdqw
wr nqrz wkh h{dfw ghwxqlqj fxuyh +edfnuh hfwlrq yhuvxv wkh zdyhohqjwk ri wkh
lqflghqw ehdp, dqg wkh zdyhohqjwk vhohfwlylw| lq rughu wr jhw d ehwwhu shufhswlrq
ri wkh lqwhudfwlrq lq wkh frxsohg fdylw|1
Dowkrxjk wkh Fdw frqmxjdwru lv d yhu| xvhixo ghylfh/ rqo| olwwoh zrun zlwk hpskd0
vlv rq wkh ghwxqlqj fxuyh ri wkh frpsoh{ judwlqj vwuxfwxuh kdv ehhq sxeolvkhg1^435`
Rq wkh rwkhu kdqg/ pxfk zrun rq wkh ghwxqlqj fxuyh ri d vlqjoh judwlqj fdq eh
irxqg lq wkh olwhudwxuh1^4<6/ 4<7/ dqg uhihuhqfhv wkhuhlq` Wkh lq xhqfh ri sduwldoo|
frkhuhqw ehdpv rq wkh jhqhudwlrq ri d skdvh frqmxjdwlrq vljqdo kdv rqo| ehhq
lqyhvwljdwhg iru d pxwxdoo| sxpshg skdvh frqmxjdwru1^4<8/ 4<9/ 4<:` Wkhruhwlfdo
lqyhvwljdwlrqv ri wkh jhqhudo fdvh ri frqwudgluhfwlrqdo wzr0zdyh pl{lqj zlwk sdu0
wldoo| frkhuhqw ehdpv kdyh/ krzhyhu/ uhfhqwo| ehhq uhsruwhg ^4<;/ 4<<`/ exw wkh
uhvxowv kdyh qrw ehhq xvhg lq frqqhfwlrq zlwk dq dqdo|vlv ri d Fdw frqmxjdwru1
Lq wklv fkdswhu phdvxuhphqwv ri wkh ghwxqlqj fxuyh ri d Fdw frqmxjdwru duh
suhvhqwhg1 Wkh phdvxuhphqwv vkrz wkdw wkh vkdsh ri wkh ghwxqlqj fxuyh ghshqgv
vwurqjo| rq wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp1 Wkh qglqjv h{sodlq wkh
revhuyhg olqh zlgwk ri 3135 qp rewdlqhg iurp d pxowlprgh odvhu glrgh duud|
frxsohg wr d Fdw frqmxjdwru +vhh Fkdswhuv < dqg 43,1 Wkh irufhg uhgxfwlrq ri
wkh olqh zlgwk kdv lq xhqfh rq wkh vsdwldo glvwulexwlrq dqg wkh vwuhqjwk ri wkh
judwlqjv wkdw hyhqwxdoo| duh iruphg lq wkh frqmxjdwru fu|vwdo1 Wklv skhqrphqrq
ri wkh frxsohg v|vwhp lv khuh uhihuuhg wr dv wkh vhoi0qduurzlqj hhfw1 D vlpsoh
wkhruhwlfdo dqdo|vlv ri wkh ghwxqlqj fxuyh ri wkh Fdw frqmxjdwru lv suhvhqwhg1
Wkh dqdo|vlv lv edvhg rq dvvljqlqj d gludfwlrq ixqfwlrq wr hdfk ri wkh judwlqjv
iruphg lq wkh fu|vwdo dqg fdofxodwlqj wkh edfnuh hfwhg vljqdo dv d vxppdwlrq ri
vhyhudo frqwulexwlrqv1 Wkh dqdo|vlv lv vlpsoh dqg vkrzv jrrg djuhhphqw zlwk wkh
h{shulphqwdo uhvxowv1
;14 Ghwxqlqj Fxuyh
Lw lv zhoo nqrzq wkdw d Fdw frqmxjdwru fdq irup wudqvplvvlrq judwlqjv dqg surgxfh
wkh skdvh frqmxjdwh uhsolfd ri dq lqflghqw ehdp hyhq zkhq wkh lqflghqw ehdp kdv d
frkhuhqfh ohqjwk wkdw lv pxfk vkruwhu wkdq wkh glphqvlrqv ri wkh fu|vwdo +vhh Vhf1
719,1 Wzr frqwudgluhfwlrqdo odvhu ehdpv lq wkh fu|vwdo zlwk wkh vdph zdyhohqjwk
 +@ n@5, irup d uh hfwlrq judwlqj zlwk d judwlqj zdyh yhfwru Nj @ 5n @ 5@/
zkhuh n lv wkh zdyh yhfwru ri wkh odvhu ehdpv dqg  lv wkh iulqjh vsdflqj ri wkh
judwlqj1 Vxfk uh hfwlrq judwlqjv duh nqrzq dv 5n0judwlqjv +vhh Vhf1 716,1 Lq wkh
Fdw frqmxjdwru frqwudgluhfwlrqdo ehdp sursdjdwlrq rffxuv dqg irup 5n0judwlqjv1
5n0judwlqjv fdq sod| d vljqlfdqw uroh lq wkh frqmxjdwlrq surfhvv1 Lq dgglwlrq wr
wudqvplvvlrq judwlqjv/ lw lv nqrzq wkdw wkh 5n0judwlqjv frqwulexwh wr wkh jhqhudwlrq
ri wkh skdvh frqmxjdwh uhsolfd ri wkh lqflghqw ehdp1^435/ 533` Wkh ohqjwk ri wkh
5n0judwlqjv fdq ehfrph orqjhu dv wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp lv
lqfuhdvhg1 Rqh zloo wkhuhiruh h{shfw wkh zdyhohqjwk vhohfwlylw| ru wkh dprxqw ri
uh hfwhg hqhuj| wr ghshqg rq wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp wkdw zulwhv
wkh judwlqj vwuxfwxuh/ vlqfh wkh ohqjwk ri wkh 5n0judwlqjv lq jhqhudo fdqqrw eh dq|
orqjhu wkdq wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp lwvhoi1^4<;` Rq wkh rwkhu
kdqg/ lw kdv ehhq vkrzq wkdw wkh ohqjwk ri d 5n0judwlqj fdq eh vljqlfdqwo| orqjhu
wkdq wkh frkhuhqfh ohqjwk ri wzr lqwhudfwlqj ehdpv li wkh| kdyh d odujh lqwhqvlw|
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udwlr1^4<;` Iru wkh Fdw frqmxjdwru/ krzhyhu/ wkh frqwudgluhfwlrqdo sursdjdwlqj
ehdpv duh ri vlplodu lqwhqvlwlhv dqg/ wkhuhiruh/ lq rxu h{shulphqwv wkh pd{lpxp
ohqjwk ri wkh 5n0judwlqjv lv jlyhq e| wkh frkhuhqfh ohqjwk ri wkh lqflghqw ehdp1
Frqvhtxhqwo|/ rxu k|srwkhvlv lv wkdw wkh judwlqj vwuxfwxuh 0 dqg wkurxjk wkdw wkh
ghwxqlqj fxuyh dqg wkh zdyhohqjwk vhohfwlylw| 0 ghshqgv rq wkh olqh zlgwk ri wkh
lqflghqw ehdp1 Wkh lqflghqw ehdp lv lq wkh iroorzlqj dovr uhihuuhg wr dv wkh zulwlqj
ehdp1
;1414 H{shulphqwv zlwk d Vlqjoh0Prgh Odvhu
Lq rughu wr phdvxuh wkh ghwxqlqj fxuyh ri wkh judwlqj vwuxfwxuh iruphg lq wkh Fdw
frqmxjdwru dqg wr lqyhvwljdwh wkh k|srwkhvlv phqwlrqhg deryh/ wkh h{shulphqw
vkrzq lq Ilj1 7; kdv ehhq ghvljqhg1 Wkh rxwsxw iurp d vlqjoh0prgh odvhu glrgh
+VP, lv froolpdwhg zlwk d ohqv +O4, dqg vhqw wkurxjk dq rswlfdo idudgd| lvrodwru
+LVR, zlwk dq lvrodwlrq ri pruh wkdq 68 gE wr dyrlg prgh krsslqj fdxvhg e|
ihhgedfn1 Wkh rxwsxw srodul}hu ri wkh idudgd| lvrodwru lv rulhqwdwhg vr wkdw wkh
ehdp dw wkh fu|vwdo lv h{wudruglqdulo| srodul}hg1 Zlwk d vskhulfdo ohqv +O5, dqg d
f|olqgulfdo ohqv +O6, d vsrw vl}h ri 4 pp lv jhqhudwhg dw wkh vxuidfh ri d fkurplxp0
grshg EdWlR6 fu|vwdo +FURZ,1 Wkh fu|vwdo phdvxuhv 81;81551< pp6/ zlwk wkh
f0d{lv dorqj wkh orqjhvw glphqvlrq1 Wkh dqjoh ri lqflghqfh lv 93 dqg wkh srvlwlrq ri
wkh ehdp dw wkh fu|vwdo vxuidfh lv 418 pp iurp wkh qhduhvw fruqhu1 Zkhq wkh odvhu
glrgh lv rshudwhg lq frqwlqxrxv0zdyh/ wkh olqh zlgwk lv ohvv wkdq 6438 qp +48
PK},/ zklfk fruuhvsrqgv wr d frkhuhqfh ohqjwk ri vhyhudo phwhuv1 Lqehwzhhq wkh
lvrodwru dqg wkh fu|vwdo wzr ehdpvsolwwhuv +EV4 dqg EV5, duh sodfhg1 Rqh ghwhfwru
+G4, phdvxuhv wkh skdvh frqmxjdwh uh hfwlylw| dqg dqrwkhu +G5, phdvxuhv wkh
rxwsxw srzhu ri wkh glrgh odvhu1 D wklug ehdpvsolwwhu +EV6, slfnv rxw d ehdp wkdw
lv gluhfwhg wr d vshfwuxp dqdo|}hu +VSHF, zlwk d uhvroxwlrq ri 3135 qp vr wkdw wkh
zdyhohqjwk ri wkh odvhu glrgh fdq eh prqlwruhg1 D zdyhirup ixqfwlrq jhqhudwru
+IXQF, lv frqqhfwhg wr wkh srzhu vxsso| +VXS, vr wkdw wkh dpsolwxgh ri wkh
gulyh fxuuhqw ri wkh glrgh fdq eh prgxodwhg1 Wkh whpshudwxuh ri wkh mxqfwlrq ri
wkh odvhu glrgh lv frqwuroohg zlwk d showlhu hohphqw1 E| dgmxvwlqj wkh whpshudwxuh
wkh vlqjoh0prgh zdyhohqjwk/ / fdq eh frqwuroohg1 Wkh zdyhohqjwk lv :<; qp dw
58F1
Wkh whpshudwxuh ri wkh mxqfwlrq lv vhw wr 5918F + @ 3, dqg wkh fu|vwdo lv rs0
hudwhg lq wkh Fdw jhrphwu| dqg lv looxplqdwhg zlwk <14 pZ1 Wkh skdvh frqmxjdwh
uh hfwlylw| lv lq wkh udqjh 63 wr 73( +qrw fruuhfwhg iru Iuhvqho uh hfwlrqv,1 Zkhq
vwhdg| vwdwh kdv ehhq uhdfkhg/ wkh ehdp sdwk lv eorfnhg1 Wkh gdun frqgxfwlylw|
ri wkh fu|vwdo lv uhodwlyho| orz dqg wkh iruphg judwlqjv wkhuhiruh ghjudgh vorzo|1
Diwhu vhyhudo plqxwhv ri eorfnlqj ri wkh ehdp sdwk/ wkh fu|vwdo lv looxplqdwhg
djdlq dqg wkh skdvh frqmxjdwh uh hfwlylw| zloo lqvwdqwdqhrxvo| eh doprvw dv odujh
dv sulru wr wkh eorfnlqj1 Ehiruh wkh ehdp sdwk lv xqeorfnhg/ krzhyhu/ wkh zdyh
sodwh +ZS, lv urwdwhg wr uhgxfh wkh wudqvplwwhg srzhu wkurxjk wkh lvrodwru> wkh
srzhu dw wkh fu|vwdo lv vhw wr 433 Z1 Wklv orz srzhu lv qhfhvvdu| wr dyrlg hudvxuh
ri wkh judwlqjv lq wkh fu|vwdo1 Pruhryhu/ wkh whpshudwxuh ri wkh odvhu glrgh mxqf0
wlrq lv uhgxfhg wr 5713F dqg/ frqvhtxhqwo|/ wkh odvlqj zdyhohqjwk  lv uhgxfhg
d iudfwlrq ri d qdqrphwhu zlwk uhvshfw wr 31 Wkh ehdp sdwk lv wkhq xqeorfnhg
dqg wkh ghwxqlqj fxuyh lv uhfrughg e| phdvxulqj wkh edfnuh hfwhg srzhu iurp wkh
fu|vwdo e| ghwhfwru G4 dv wkh whpshudwxuh ri wkh mxqfwlrq lv vorzo| lqfuhdvhg wr
5<13F1 Gxulqj wkh fkdqjh ri wkh mxqfwlrq whpshudwxuh/ wkh odvlqj zdyhohqjwk /
wkh skdvh frqmxjdwh uh hfwlylw| dqg wkh rxwsxw srzhu ri wkh glrgh duh doo prq0
lwruhg dqg uhfrughg1 Rqh vfdq f|foh ri wkh whpshudwxuh +57F $ 5<F, wdnhv
dssur{lpdwho| 63 vhfrqgv1 Diwhuzdugv/ wkh phdvxuhphqwv duh uhshdwhg zlwk wkh
whpshudwxuh vorzo| ghfuhdvhg +5<F $ 57F,1 Wkh rewdlqhg ghwxqlqj fxuyhv duh
lghqwlfdo> lq idfw vhyhudo vfdqv fdq eh shuiruphg zlwk rqo| olwwoh ghjudgdwlrq ri
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wkh judwlqj vwuxfwxuh1
Iljxuh 7<+d, vkrzv wkh phdvxuhg skdvh frqmxjdwh uh hfwlylw| dv d ixqfwlrq ri
wkh uhodwlyh zdyhohqjwk +  3,1 Lw lv vhhq wkdw wkh ghwxqlqj fxuyh kdv d fhqwudo
shdn zlwk d pd{lpxp iru  @ 31 Wklv zdyhohqjwk jlyhv wkh ehvw Eudjj pdwfk
dqg wkhuhe| dovr wkh kljkhvw uh hfwlylw| vlqfh lw ruljlqdoo| zurwh wkh judwlqjv ri
wkh Fdw frqmxjdwru1 Wkh vkdsh ri wkh ghwxqlqj fxuyh lv d Vlqf0olnh ixqfwlrq rq
wrs ri d uh hfwlylw|  rru/ d  rru wkdw lv qrw edfnjurxqg uh hfwlrqv iurp ohqvhv/
hwf1 Wkh uh hfwlylw| grhv qrw ehfrph }hur dw dq| zdyhohqjwk zlwklq wkh revhuyhg
ghwxqlqj udqjh1 Wkh vsdflqj ehwzhhq wkh pd{lpd ri wzr dgmdfhqw vlghedqgv/ zklfk
lv ghqrwhgs +vhh Ilj1 7<+d,,/ lv frqvwdqw wkurxjkrxw wkh ohiw dqg wkh uljkw zlqjv
ri wkh ghwxqlqj fxuyh dqg lv phdvxuhg wr eh 31357 qp1 Wkh zdyhohqjwk vhohfwlylw|/
v/ lv khuh ghqhg dv wkh ixoo zlgwk dw kdoi0pd{lpxp ri wkh fhqwudo shdn ri wkh
ghwxqlqj fxuyh1 Wkh zdyhohqjwk vhohfwlylw| lv phdvxuhg wr eh 31359 qp1
Lq wkh qh{w h{shulphqw wkh gulyh fxuuhqw ri wkh odvhu glrgh lv prgxodwhg1 Wkh
odvlqj zdyhohqjwk ri wkh glrgh ydulhv olqhduo| zlwk wkh fxuuhqw1 Wkh olqh zlgwk
ri wkh zulwlqj odvhu ehdp 0 ghqrwhg z +IZKP, 0 fdq eh lqfuhdvhg duwlfldoo|
e| udslgo| prgxodwlqj wkh fxuuhqw zlwk d wuldqjxodu zdyhirup dw 43 nK}1 Wkh
uhvsrqvh wlph ri wkh fu|vwdo lv rq wkh rughu ri rqh vhfrqg dqg wkh fu|vwdo dy0
hudjhv wkh uhvxowdqw iuhtxhqf| vzhhs wr jlyh wkh zulwlqj ehdp d vshfwudoo|  dw
dqg uhfwdqjxoduo| vkdshg iuhtxhqf| vshfwuxp zlwk d fhqwhu zdyhohqjwk ri 31 Wkh
phdvxuhphqw surfhgxuh lv dv iroorzv= wkh fxuuhqw lv prgxodwhg dw 43 nK} dqg d
Fdw jhrphwu| vwduwv wr eh iruphg lq wkh fu|vwdo1 Zkhq wkh skdvh frqmxjdwh uh0
 hfwlylw| kdv vwdelol}hg/ wkh ehdp sdwk lv eorfnhg dqg wkh prgxodwlrq lv wxuqhg
r uhgxflqj wkh olqh zlgwk ri wkh sureh ehdp wr 6438 qp +48 PK},1 Wkh srzhu
ri wkh sureh ehdp lv wkhq orzhuhg wr 433 Z dqg wkh whpshudwxuh lv uhgxfhg wr
5713F1 Wkh ghwxqlqj fxuyh ri wkh judwlqj vwuxfwxuh ri wkh Fdw frqmxjdwru fdq
vxevhtxhqwo| eh phdvxuhg dv wkh whpshudwxuh lv vorzo| lqfuhdvhg dv ehiruh1
Iljxuh 7<+e, vkrzv wkh uhfrughg ghwxqlqj fxuyh iru d zulwlqj olqh zlgwk z
@ 3136 qp1 Wkh frkhuhqfh ohqjwk lv jlyhq e| 53@z fruuhvsrqglqj wr < pp
lqvlgh wkh fu|vwdo1 Gxh wr wkh orzhu frkhuhqfh ohqjwk/ wkh zdyhohqjwk vhohfwlylw|
kdv lqfuhdvhg wr 31378 qp1 Lq frpsdulvrq zlwk Ilj1 7<+d, wkh dpsolwxghv ri wkh
vlghedqgv kdyh ghfuhdvhg1 Dqrwkhu yhu| lpsruwdqw revhuydwlrq lv wkdw wkh vlghedqg
Iljxuh 7;1 H{shulphqwdo vhwxs1 D vlqjoh0prgh odvhu glrgh lv gluhfwhg wrzdugv d
EdWlR6 fu|vwdo1 VP= vlqjoh0prgh odvhu glrgh/ O4= ohqv i @ 8 pp/ O5= ohqv i @
483 pp/ O6= f|olqgulfdo ohqv i @ 433 pp/ EV406= ehdpvsolwwhuv/ LVR= rswlfdo
lvrodwru +68 gE,/ G4= ghwhfwru/ G5= ghwhfwru/ VXS= srzhu vxsso|/ IXQF= ixqfwlrq
jhqhudwru/ZS= @5 zdyh sodwh1
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vsdflqj s lv wkh vdph dv lq Ilj1 7<+d,> wkh uhfrughg vljqdo lq Ilj1 7<+e, lv pruh
qrlv| exw wkh dyhudjh vlghedqg vsdflqj lv phdvxuhg wr eh 31357 qp1

































Iljxuh 7<1 Phdvxuhg ghwxqlqj fxuyh +wkh uh hfwhg hqhuj| dv d ixqfwlrq ri uhodwlyh
zdyhohqjwk ri wkh sureh ehdp, ri d Fdw frqmxjdwru= +d, wkh olqh zlgwk ri wkh zulwlqj
ehdp lv 6438 qp +48 PK},/ +e, wkh olqh zlgwk ri wkh zulwlqj ehdp lv 3136 qp
+IZKP,1
Xvlqj wklv whfkqltxh lw lv srvvleoh wr jhqhudwh dq duwlfldo olqh zlgwk ri xs wr 3137
qp dqg wr phdvxuh wkh fruuhvsrqglqj ghwxqlqj fxuyh iurp zklfk wkh zdyhohqjwk
vhohfwlylw| fdq eh ghulyhg1 Wkh phdvxuhg zdyhohqjwk vhohfwlylwlhv iru rwkhu zulwlqj
olqh zlgwkv lq wkh udqjh xs wr 3137 qp zloo eh suhvhqwhg lq Vhf1 ;14161
;1415 H{shulphqw zlwk d Pxowlprgh Odvhu
Wkh skdvh frqmxjdwh ihhgedfn iurp wkh Fdw frqmxjdwru fdq qduurz wkh pxowlprgh
vshfwuxp ri d odvhu glrgh1 Lq wkh iroorzlqj wkh ghwxqlqj fxuyh ri wkh Fdw frqmxjdwru
zkhq wkh fu|vwdo lv looxplqdwhg zlwk d eurdg vshfwuxp lv lqyhvwljdwhg1
Wkh h{shulphqwdo vhwxs lv vkrzq lq Ilj1 831 Wkh rxwsxw iurp d odvhu glrgh duud|
+duud| LL, lv froolpdwhg zlwk d ohqv +O4, dqg lv gluhfwhg wrzdugv wkh fu|vwdo1 Wkh
dqjoh ri lqflghqfh lv 931 Wkh @5 zdyh sodwh +ZS4, hqvxuhv wkdw wkh rxwsxw ehdp
lv h{wudruglqdulo| srodul}hg1 Wkh lqflghqw srzhu dw wkh fu|vwdo lv 583 pZ1 Wkuhh
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Iljxuh 831 H{shulphqwdo vhwxs1 D pxowlprgh odvhu glrgh duud| lv frxsohg wr d vhoi0
sxpshg skdvh frqmxjdwru lq d EdWlR6 fu|vwdo1 VP= VGO087450K4 vlqjoh0prgh
glrgh/ O4= ohqv i @ 8 pp/ O5= ohqv i @ 633 pp/ O6= ohqv i @ 533 pp/ O7=
f|olqgulfdo ohqv i @ 433 pp/ O8= ohqv i @ : pp/ EV406= ehdpvsolwwhuv/ LVR= rswl0
fdo lvrodwru +68 gE,/ G4= ghwhfwru/ G5= ghwhfwru/ ZS405= @5 zdyh sodwh/ VSHF=
vshfwuxp dqdo|}hu/ P406= pluuruv/ L406= lulvhv1
ohqvhv +O507, jhqhudwh d vsrw vl}h wkdw phdvxuhv 3184 pp +{0d{lv  |0d{lv, dw
wkh fu|vwdo vxuidfh1 Wkh fdylw| ohqjwk lv 5883 pp1 D ehdpvsolwwhu +EV4, slfnv
rxw d sduw ri wkh ehdp dqg gluhfwv lw wr d vshfwuxp dqdo|}hu +VSHF,1 D vhfrqg
ehdpvsolwwhu +EV5, dqg d ghwhfwru +G4, duh xvhg wr phdvxuh wkh skdvh frqmxjdwh
uh hfwlylw| ri wkh fu|vwdo1 Dv d sureh ehdp/ wkh vlqjoh0prgh odvhu +Vhf1 ;1414, lv
vhqw frolqhduo| zlwk wkh ehdp iurp wkh odvhu glrgh duud| lqwr wkh fu|vwdo1 Zkhq
wkh fu|vwdo kdv ehhq looxplqdwhg e| wkh oljkw iurp wkh odvhu glrgh duud| dqg wkh
skdvh frqmxjdwh ehdp kdv ehhq uhwxuqhg e| wkh fu|vwdo/ wkh sureh ehdp lv doljqhg
frolqhduo| e| wkh xvh ri wkuhh pluuruv +P406, dqg wkuhh lulvhv +L406,1 Wkh vsrw vl}h ri
wkh flufxodu sureh ehdp lv 4 pp phdvxuhg dw wkh fu|vwdo vxuidfh1 Wkh lqlwldo fhqwhu
zdyhohqjwk ri wkh vshfwuxp ri wkh odvhu glrgh duud| lv whpshudwxuh wxqhg wr eh 405
qp ehorz wkh zdyhohqjwk ri wkh sureh ehdp1 Wkh ihhgedfn fdxvhv wkh vshfwuxp ri
wkh odvhu glrgh duud| wr qduurz grzq iurp dssur{lpdwho| whq orqjlwxglqdo prghv
+wkh lqlwldo olqh zlgwk lv 4 qp, wr wzr wr wkuhh prghv dqg vhoi0lqgxfhg iuhtxhqf|
vfdqqlqj wdnhv sodfh1 Wkh pd{lpxp skdvh frqmxjdwh uh hfwlylw| ri wkh fu|vwdo
lv dssur{lpdwho| 43(1 Wkh h{shulphqwdo surfhgxuh lv dv iroorzv= wkh fu|vwdo lv
looxplqdwhg e| wkh oljkw iurp wkh odvhu glrgh duud| dqg d Fdw jhrphwu| lv iruphg lq
wkh fu|vwdo1 Wkh skdvh frqmxjdwh ihhgedfn fdxvhv wkh vshfwuxp wr qduurz grzq dqg
lw vwduwv wr vfdq wrzdugv d orqjhu zdyhohqjwk1 Zkhq wkh vfdqqlqj vshfwuxp frphv
forvh wr wkh zdyhohqjwk ri wkh sureh ehdp/ wkh ehdp sdwk lv eorfnhg1 Wkh sureh
ehdp lv wkhq wxuqhg rq dqg wkh zdyhohqjwk ri wkh sureh ehdp +, lv whpshudwxuh
wxqhg dfurvv d zdyhohqjwk udqjh1 Wkh ghwhfwruv G4 dqg G5 phdvxuh wkh uh hfwhg
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vljqdo iurp wkh fu|vwdo dqg wkh srzhu ri wkh sureh ehdp/ uhvshfwlyho|1 Wkh srzhu
ri wkh sureh ehdp lv 83 Z dw wkh iurqw idfh ri wkh fu|vwdo1 Wkh sureh ehdp
h{shulhqfhv d uh hfwlylw| ri 506(1 Wklv vkrxog eh frpsduhg zlwk wkh pd{lpxp
uh hfwlylw| ri 43( ri wkh odvhu glrgh duud|1 Wkh hhfwlyh olqh zlgwk ri wkh zulwlqj
odvhu glrgh duud| lv hvwlpdwhg wr fruuhvsrqg wr rqh orqjlwxglqdo prgh vsdflqj
+314 qp, vlqfh dw prvw wzr prghv duh suhvhqw dw dq| vlqjoh prphqw gxulqj wkh
iuhtxhqf| vfdqqlqj dqg zulwlqj surfhvv1
Iljxuh 84 vkrzv wkh ghwxqlqj fxuyh yhuvxv wkh uhodwlyh zdyhohqjwk +  3,/
zkhuh 3 lv wkh fhqwhu zdyhohqjwk ri wkh vfdqqlqj vshfwuxp ri wkh odvhu glrgh duud|
mxvw ehiruh wkh ehdp sdwk lv eorfnhg1 Djdlq/ wkh ghwxqlqj fxuyh kdv d fhqwudo shdn
dw  @ 3 rq wrs ri d uh hfwlylw|  rru1 Wkh zdyhohqjwk vhohfwlylw| lv phdvxuhg
wr eh 313: qp1 Wkh vlghedqg vsdflqj lv phdvxuhg wr eh 31355 qp1 Lq frpsdulvrq
zlwk Ilj1 7<+d, wkh dpsolwxgh ri wkh vlghedqgv kdv ghfuhdvhg dqg/ frqwudu| wr Ilj1
7<+d, wkh dpsolwxgh ri wkh vlghedqgv lv doprvw frqvwdqw wkurxjkrxw wkh revhuyhg
ghwxqlqj udqjh1














Iljxuh 841 Phdvxuhg ghwxqlqj fxuyh +uh hfwhg hqhuj| dv d ixqfwlrq ri uhodwlyh
zdyhohqjwk ri wkh sureh ehdp, ri d Fdw frqmxjdwru= wkh judwlqjv ri wkh frqmxjdwru
kdyh ehhq iruphg e| d pxowlprgh odvhu glrgh duud|1 Wkh hhfwlyh olqh zlgwk ri wkh
pxowlprgh odvhu glrgh duud| lv 314 qp1
;1416 Glvfxvvlrq ri Uhvxowv
Lq Ilj1 85 wkh zdyhohqjwk vhohfwlylw| iurp wkh phdvxuhphqwv zlwk wkh vlqjoh0prgh
odvhu dqg wkh pxowlprgh odvhu duud| lv vkrzq1 Wkh zdyhohqjwk vhohfwlylw| v kdv
ehhq sorwwhg dv d ixqfwlrq ri wkh zulwlqj olqh zlgwk z +erwwrp d{lv, dqg wkh
frkhuhqfh ohqjwk lqvlgh wkh fu|vwdo +wrs d{lv, ri wkh zulwlqj ehdp1 Wkh frkhuhqfh
ohqjwk kdv ehhq fdofxodwhg dv 5
3
@+zq,/ zkhuh q @ 517 lv wkh uhiudfwlyh lqgh{ ri
wkh fu|vwdo1 Lqyhvwljdwlrqv ri wkh zdyhohqjwk vhohfwlylw| ri d Fdw frqmxjdwru zlwk

z
@ 418 qp kdyh ehhq uhsruwhg1^435` Wkh uhsruwhg zdyhohqjwk vhohfwlylw| lv
dovr sorwwhg lq Ilj1 851 Lw lv zhoo nqrzq wkdw wkh vl}h ri wkh lqwhudfwlrq uhjlrqv
lv uhvwulfwhg e| wkh zlgwk ri wkh ehdp lqvlgh wkh fu|vwdo1 Wkh vl}h ri wkh ehdp
dffruglqjo| vhwv olplwdwlrqv rq wkh pd{lpxp qxpehu ri od|huv ri wkh wudqvplvvlrq
judwlqjv dqg/ frqvhtxhqwo|/ rq wkh zdyhohqjwk vhohfwlylw| ri wkhvh dv zhoo1 Wkh gdwd
suhvhqwhg lq Ilj1 85/ kdyh/ krzhyhu/ doo ehhq phdvxuhg zlwk d ehdp zlgwk ri 4
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pp1
Wkh zdyhohqjwk vhohfwlylw| lqfuhdvhv dv wkh zulwlqj olqh zlgwk lqfuhdvhv +d qduurz
fhqwudo shdn ri wkh ghwxqlqj fxuyh fruuhvsrqgv wr d vpdoo zdyhohqjwk vhohfwlylw|,1
Iru d olqh zlgwk lq wkh udqjh ri 438 qp wr 435 qp wkh zdyhohqjwk vhohfwlylw|
lv dq vorzo| lqfuhdvlqj ixqfwlrq1 Dw d olqh zlgwk ri 3135 qp/ krzhyhu/ wkh zdyh0
ohqjwk vhohfwlylw| deuxswo| lqfuhdvhv dqg ehfrphv d idvwhu lqfuhdvlqj ixqfwlrq +dv
frpsduhg zlwk wkh udqjh ri 438 qp wr 435 qp,1 Dv fdq eh vhhq lq Ilj1 85 +wkh
yhuwlfdo gdvkhg olqh,/ d olqh zlgwk ri 3135 qp fruuhvsrqgv wr d frkhuhqfh ohqjwk
ri dssur{lpdwho| 43 pp1 Wkh uhdvrq iru wkh deuxsw lqfuhdvh ri wkh zdyhohqjwk
vhohfwlylw| dw wklv olqh zlgwk lv wkdw wkh frkhuhqfh ohqjwk kdv ehfrph frpsdudeoh
zlwk wkh sdwk ohqjwk ri wkh lqwhuqdo orrs +oorrs, ri wkh Fdw frqmxjdwru/ zklfk lv
dssur{lpdwho| 44 pp iru wkh h{shulphqwv suhvhqwhg khuh1 Dv wkh frkhuhqfh ohqjwk
ri wkh zulwlqj ehdp ehfrphv odujhu wkdq oorrs/ wkh zdyhohqjwk vhohfwlylw| ri wkh
judwlqjv uhdfkhv d plqlpxp ri 31359 qp> d odujhu frkhuhqfh ohqjwk grhv qrw gh0
fuhdvh wkh zdyhohqjwk vhohfwlylw| vljqlfdqwo|1 Wklv fdq eh h{sodlqhg dv iroorzv= dv
wkh frkhuhqfh ohqjwk ehfrphv odujhu wkdq oorrs/ wkh 5n0judwlqjv/ zklfk duh fdxvhg
e| wkh frqwudgluhfwlrqdoo| sursdjdwlqj ehdpv lq wkh fu|vwdo/ kdyh douhdg| uhdfkhg
wkhlu pd{lpxp ohqjwkv gxh wr wkh glphqvlrqv ri wkh fu|vwdo dqg wkh ohqjwk ri wkh
orrs dqg/ frqvhtxhqwo|/ wkh zdyhohqjwk vhohfwlylw| fdqqrw ghfuhdvh dq| ixuwkhu1
Dv wkh frkhuhqfh ohqjwk ehfrphv vkruwhu wkdq oorrs/ wkh ohqjwkv ri wkh 5n0judwlqjv
duh dffruglqjo| dovr uhgxfhg ohdglqj wr fruuhvsrqglqjo| odujhu zdyhohqjwk vhohf0
wlylw| dv vhhq lq Ilj1 851 Iru d yhu| vkruw frkhuhqfh ohqjwk wkh vwuhqjwk ri wkh
5n0judwlqjv duh lqvljqlfdqw wr dhfw wkh skdvh frqmxjdwh vljqdo/ dqg wkh ghwxqlqj
fxuyh lv pdlqo| ghwhuplqhg e| wkh fkdudfwhulvwlfv ri wkh wudqvplvvlrq judwlqjv/
zklfk dozd|v h{lvw1 Iru wkh h{shulphqw lq Uhi1 ^435` wkh frkhuhqfh ohqjwk ri wkh
zulwlqj ehdp zdv 53 p +lqvlgh wkh fu|vwdo, dqg wkh 5n0judwlqjv frqwulexwhg zlwk
ohvv wkdq 6( wr wkh skdvh frqmxjdwh vljqdo1
Iljxuh 851 Zdyhohqjwk vhohfwlylw| +IZKP ri ghwxqlqj fxuyh, ri wkh judwlqjv
iruphg lq d Fdw frqmxjdwru dv d ixqfwlrq ri wkh olqh zlgwk +erwwrp d{lv, dqg
wkh frkhuhqfh ohqjwk lqvlgh wkh fu|vwdo +wrs d{lv, ri wkh zulwlqj ehdp1 Wkh gdwd
srlqw iru z @ 418 qp lv iurp Uhi1 ^435`1
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;15 Dqdo|vlv ri wkh Ghwxqlqj Fxuyh
Lq wklv vhfwlrq d vlpsoh prgho ri wkh frpsoh{ judwlqj vwuxfwxuh zloo eh suhvhqwhg
lq rughu wr h{sodlq wkh vkdshv ri wkh phdvxuhg ghwxqlqj fxuyhv vkrzq lq Iljv1
7<+d0e, dqg 841
Rqh ri wkh uvw prghov ri wkh phfkdqlvp ri wkh vhoi0sxpshg Fdw frqmxjdwru
vxjjhvwhg wkh h{lvwhqfh ri irxu0zdyh pl{lqj surfhvvhv lq wzr frxsohg lqwhudf0
wlrq uhjlrqv frqqhfwhg e| oljkw xqghujrlqj wrwdo lqwhuqdo uh hfwlrq dw wkh fu|vwdo
vxuidfhv1^<9` Wklv prgho kdv ehhq zlgho| dffhswhg hyhq wkrxjk wkhuh kdyh ehhq
rwkhu h{sodqdwlrqv vxfk dv rqo| rqh lqwhudfwlrq uhjlrq^534`/ pxowlsoh lqwhudfwlrq
uhjlrqv^535` dqg vwlpxodwhg skrwruhiudfwlyh edfnvfdwwhulqj^536`1 Ghwdlohg h{shul0
phqwdo lqyhvwljdwlrqv ri wkh lqwhuqdo ehdp surgxfwlrq lq edulxp wlwdqdwh fu|vwdov
kdyh uhyhdohg d odujh ydulhw| ri lqwhuqdo ehdp sdwkv wkdw fdqqrw eh ghvfulehg e|
rqh prgho rqo|1^537/ 538` Wkh h{dfw ehdp sdwk ghshqgv rq wkh fu|vwdo dqg wkh h{0
shulphqwdo vhwwlqjv1 Wkh revhuyhg ehdp sdwkv iru wkh h{shulphqwv suhvhqwhg khuh
uhyhdo wkdw wkh ehdp xqghujrhv wrwdo lqwhuqdo uh hfwlrq lq djuhhphqw zlwk wkh wzr
lqwhudfwlrq uhjlrq prgho1 Rqh pd| dujxh/ wkrxjk/ wkdw wkh yhu| orz zdyhohqjwk
vhohfwlylw| +31359 qp, revhuyhg lq Ilj1 7<+d, lv gxh wr rqh vlqjoh 5n0judwlqj wkdw
lv iruphg mxvw diwhu wkh hqwudqfh vxuidfh ri wkh fu|vwdo dqg wkdw wkh orrs lv rqo|
hvvhqwldo iru surylglqj edfnvfdwwhuhg vhhg1 Li wklv zdv wuxh/ krzhyhu/ wkh ghwxqlqj
fxuyh zrxog kdyh wkh zhoo0nqrzq vkdsh ri d vlqjoh 5n0judwlqj1^4<5` Wkh ghwxqlqj
fxuyh fruuhvsrqglqj wr d vlqjoh 5n0judwlqj zlwk d zdyhohqjwk vhohfwlylw| ri 31359
qp kdv d pxfk orzhu uh hfwlylw| +doprvw }hur, dw wkh zlqjv ri wkh fxuyh wkdq zkdw
zh h{shulphqwdoo| revhuyh iurp wkh Vlqf0olnh ixqfwlrq vkrzq lq Ilj1 7<+d,1 Pruh0
ryhu/ li rqh frpsduhv wkh phdvxuhphqwv lq Iljv1 7<+d,/ 7<+e, dqg 84/ lw lv revhuyhg
wkdw doo wkh ghwxqlqj fxuyhv kdyh wkh vdph frqvwdqw vsdflqj ehwzhhq wzr dgmdfhqw
vlghedqgv1 Wkhvh wkuhh fxuyhv kdyh d vlghedqg vsdflqj ri dssur{lpdwho| s 
31357 qp1 Lq wklv vhfwlrq zh vkrz wkdw wkh vlghedqgv fdq eh uhjdughg dv d prgx0
odwlrq ri wkh zlqjv ri wkh ghwxqlqj fxuyh1 Li wklv prgxodwlrq lv gxh wr d ghwxqlqj
fxuyh fruuhvsrqglqj wr d vlqjoh 5n0judwlqj/ wkhq rqh vkrxog h{shfw wkh vlghedqg
vsdflqj +wkh shulrg ri wkh prgxodwlrq, wr ydu| iru wkh wkuhh phdvxuhphqwv vlqfh
wkh frkhuhqfh ohqjwk ri wkh zulwlqj ehdp xvhg iru wkh wkuhh h{shulphqwv ydulhv
dqg/ frqvhtxhqwo|/ judwlqjv zlwk glhuhqw ohqjwkv zloo eh h{shfwhg wr irup lq wkh
fu|vwdo +iru d vlqjoh 5n0judwlqj wkh vlghedqg vsdflqj ghshqgv rq wkh ohqjwk ri wkh
judwlqj,1 Vlqfh wkh vlghedqg vsdflqj lv frqvwdqw/ krzhyhu/ lw lv pxfk pruh olnho|
wkdw wkh prgxodwlrq ri wkh zlqjv ri wkh ghwxqlqj fxuyh lv fdxvhg e| lqwhuihuhqfh ri
oljkw gludfwhg lq glhuhqw judwlqjv lq wkh fu|vwdo1 Li wkh oljkw wudyhov wkh jhrphwulf
sdwk wr dqg iurp wkh fruqhu/ dv lq wkh wudglwlrqdoo| ghvfulehg orrs rshudwlrq ri wkh
wrwdo0lqwhuqdo0uh hfwlrq Fdw frqmxjdwru/ lw zloo h{shulhqfh dq lqwhqvlw| devruswlrq
ri h{s+soorrs,/ zkhuh s lv wkh lqwhqvlw| devruswlrq frh!flhqw1 Iru wkh fu|vwdo
+FURZ, xvhg iru wkh h{shulphqwv khuh/ wkh devruswlrq dw ;33 qp zdyhohqjwk lv
4134 fp4/ zklfk phdqv wkdw ohvv wkdq 58( ri wkh lqflghqw oljkw fdq eh edfnuh0
 hfwhg wrzdugv wkh odvhu li wkh Iuhvqho uh hfwlrq +orvv, lv wdnhq lqwr dffrxqw1 Wkh
dprxqw ri srzhu wkdw uhpdlqv diwhu flufxodwlrq wr dqg iurp wkh fruqhu lv lqvx!0
flhqw wr dffrxqw iru wkh revhuyhg pd{lpxp uh hfwlylw| ri pruh wkdq 73(1 Wklv
idfw lqglfdwhv wkdw dgglwlrqdo 5n0judwlqjv pxvw eh iruphg mxvw diwhu wkh hqwudqfh
vxuidfh ri wkh fu|vwdo dqg wkdw wkh| zloo frqwulexwh wr wkh skdvh frqmxjdwh vljqdo1
Pruhryhu/ lqyhvwljdwlrq kdyh uhyhdohg wkh suhvhqfh ri vxfk 5n0judwlqjv1^533`
;1514 Prgho ri Fdw Frqmxjdwru
Edvhg rq wkh revhuydwlrqv glvfxvvhg lq wkh suhfhglqj vhfwlrq/ wkh prgho lq Ilj1
86 lv sursrvhg wr h{sodlq wkh revhuyhg ghwxqlqj fxuyhv vkrzq lq Iljv1 7<+d0e,
dqg Ilj1 841 Lq wklv prgho ri wkh judwlqj vwuxfwxuh lq wkh Fdw frqmxjdwru/ wkh
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skdvh frqmxjdwh vljqdo lv jhqhudwhg e| gludfwlrq lq irxu judwlqjv1 Wkhuh lv d
wudqvplvvlrq judwlqj lq hdfk ri wkh wzr lqwhudfwlrq uhjlrqv +odehohg W4 dqg W5,1
Ixuwkhupruh/ zh dvvxph wkdw wzr 5n0judwlqjv duh iruphg +U6 dqg U7,> rqh mxvw
diwhu wkh hqwudqfh vxuidfh ri wkh fu|vwdo/ wkh rwkhu lv iruphg lq wkh lqwhuqdo orrs
uh hfwhg r wkh fruqhu1 Wkh ohqjwk ri wkh uh hfwlrq judwlqj U7 pd| h{whqg eh|rqg
wkh glvwdqfh ehwzhhq wkh wzr lqwhuqdo uh hfwlrqv1
Iljxuh 861 Prgho ri wkh judwlqj vwuxfwxuh lq wkh vhoi0sxpshg Fdw frqmxjdwru1 Wkh
skdvh frqmxjdwh vljqdo lv d frpelqdwlrq ri vljqdov ruljlqdwlqj iurp wzr wudqvplv0
vlrq judwlqjv +W4 dqg W5, dqg wzr uh hfwlrq judwlqjv +U6 dqg U7,1
Lq Ilj1 86 wkh odehov ri wkh ohqjwkv ri wkh judwlqjv +O40O7, dqg wkh ohqjwkv ri
wkh ehdp sdwkv ri wkh Fdw jhrphwu| +g40g7, duh dovr vkrzq1 Wkh prgxodwlrq ri
wkh zlqjv ri wkh ghwxqlqj fxuyhv fdq eh h{sodlqhg dv lqwhuihuhqfh ri oljkw wkdw lv
gludfwhg edfn e| U6 dqg oljkw wkdw kdv wudyhohg doo wkh zd| durxqg wkh orrs dqg
wkhq lv edfnuh hfwhg wrzdugv wkh odvhu1 Li wklv lv wkh fdvh/ wkh rswlfdo sdwk ohqjwk
glhuhqfh 5g4.g5.g6.g7 +@ oorrs, vkrxog eh +4  +.s,4,4/ zkhuh  lv
wkh zdyhohqjwk ri wkh lqflghqw ehdp1 Iru  @ ;33 qp dqg s @ 31357 qp wkh
rswlfdo sdwk ohqjwk glhuhqfh lv 591: pp1 Lq iuhh vsdfh wklv fruuhvsrqgv wr 44 pp
zklfk vhhpv wr djuhh yhu| zhoo zlwk wkh sk|vlfdo glphqvlrqv ri wkh fu|vwdo1 Lq wkh
prgho doo wkh judwlqjv kdyh d vsdwldo vlqxrxv prgxodwlrq +q, ri wkh uhiudfwlyh
lqgh{ +q,1 Edvhg rq wkh frxsohg prgh wkhru| wkh frpsoh{ gludfwlrq dpsolwxgh
iru wkh wudqvplvvlrq dqg wkh uh hfwlrq judwlqjv iru d s0srodul}hg ehdp zlwk xqlw
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Wkh judwlqj sdudphwhuv duh=  lv wkh dqjoh ri lqflghqfh/ 3 lv wkh Eudjj dqjoh/
! lv wkh vodqw dqjoh/ Nj lv wkh judwlqj zdyh yhfwru/  lv wkh iulqjh vsdflqj ri wkh
judwlqj/ O lv wkh wklfnqhvv ri wkh judwlqj/  lv wkh zdyhohqjwk lq ydfxxp/ q lv wkh
uhiudfwlyh lqgh{ ri wkh fu|vwdo/ n lv wkh zdyh yhfwru lq wkh phglxp/  lv wkh hog
devruswlrq frh!flhqw/ nf lv wkh frxsolqj frqvwdqw/ & lv wkh ghskdvlqj idfwru/  lv
wkh plvpdwfk idfwru/  lv wkh frxsolqj idfwru dqg l lv wkh lpdjlqdu| xqlw1 Wkh









zkhuh dvwhulvn ghqrwhv d frpsoh{ frqmxjdwh1 Wkh wrwdo skdvh frqmxjdwh vljqdo iurp
wkh Fdw frqmxjdwru lv d frpelqdwlrq ri yh frqwulexwruv +Vm,= +4, gludfwlrq lq
U6/ +5, gludfwlrq lq W4/ sursdjdwlrq durxqg wkh orrs dqg gludfwlrq lq W5/ +6,
gludfwlrq lq W5/ sursdjdwlrq durxqg wkh orrs dqg gludfwlrq lq W4/ +7, gludfwlrq
lq W4/ sursdjdwlrq dorqj kdoi ri wkh orrs/ gludfwlrq lq U7 dqg gludfwlrq lq W4
dqg +8, gludfwlrq lq W5/ sursdjdwlrq dorqj kdoi ri wkh orrs/ gludfwlrq lq U7 dqg
gludfwlrq lq W51 Wkh frqwulexwruv +5, dqg +6, duh lghqwlfdo dqg vr duh +7, dqg
+8,1 Wkh yh frqwulexwruv duh jlyhq e|
V4 @ KU6> +7:,
V5 @ V6 @ KW4KW5 h{s ++ln .,+5g4 . g5 . g6 . g7,, >
V7 @ V8 @ KW4KU7KW4 h{s +5+ln .,+g4 . g7 O7@5,, = +7;,
Qhjohfwlqj pxowlsoh uh hfwlrqv ehwzhhq wkh irxu judwlqjv dqg vhwwlqj wkh uhi0
















Wkh idfwru U6 lv wkh gludfwlrq h!flhqf| iru wkh uh hfwlrq judwlqj U6 dqg wkh
whup +4  U6,
4
5 lv wkh wudqvplvvlrq ixqfwlrq ri wkh hog wkurxjk U61 Wkh idfwru
U7 lv wkh gludfwlrq h!flhqf| lq U71 Wkh skdvh vkliwv ri wkh wudqvplwwhg hogv
wkurxjk wkh judwlqjv kdyh ehhq qhjohfwhg1 Wkh skdvhv *m +m@4/5/7, duh frqvwdqwv
dqg hqvxuh wkdw doo wkh vljqdov dgg xs lq skdvh iru }hur ghwxqlqj + @ 3,1
;1515 Uhvxowv ri Dqdo|vlv
Lw lv qrz srvvleoh wr fdofxodwh wkh ghwxqlqj fxuyh sf+,1 Zkhq lw lv wwhg wr
wkh phdvxuhphqwv/ wkh iuhh sdudphwhuv duh wkh ohqjwkv +Om / m @ 4  7, dqg wkh
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prgxodwlrq lqgh{ +qm/ m @ 4  7, ri doo wkh judwlqjv1 Wkh dqjoh ehwzhhq wkh
ehdpv dw W4 dqg W5 lv wdnhq wr eh 581 Wkh ohqjwkv g4 dqg g5 duh vhw wr 31:8
pp dqg 318 pp/ uhvshfwlyho|1 Wkh sdwk oorrs @ 5g4.g5.g6.g7 lv vhw wr 4417
pp wr uhsurgxfh wkh vlghedqg vsdflqj ri 31357 qp1 Iru d zulwlqj ehdp zlwk
orz frkhuhqfh wkh U7 judwlqj zloo irup zkhuh wkh rswlfdo sdwk ohqjwkv ri wkh wzr
glhuhqw zd|v durxqg wkh lqwhuqdo orrs duh lghqwlfdo> wkdw hvwdeolvkhv wkh uhvwulfwlrq
g7 @ g5.g61 Iljxuh 87+d, glvsod|v wkh fdofxodwhg ghwxqlqj fxuyh +Ht1 7<, +vrolg
olqh, iru wkh fdvh zkhuh wkh frkhuhqfh ohqjwk ri wkh zulwlqj ehdp lv pxfk odujhu
wkdq oorrs1 Wkh sdudphwhuv duh vkrzq lq wkh jxuh fdswlrq1 Rq wrs ri wkh fdofxodwhg
ghwxqlqj fxuyh wkh phdvxuhg ghwxqlqj fxuyh iurp Ilj1 7<+d, kdv ehhq sorwwhg
+gdvkhg olqh zlwk vrolg flufohv,1 Wkhuh lv yhu| jrrg djuhhphqw ehwzhhq wkhru| dqg
h{shulphqw1 Wkh judwlqj U7 lv dvvljqhg d ohqjwk ri 4417 pp fruuhvsrqglqj wr
wkh ixoo lqwhuqdo sdwk ohqjwk1 Wklv fdq eh lqwhusuhwhg lq wkh iroorzlqj zd|= zkhq
wkh frkhuhqfh ohqjwk ehfrphv yhu| odujh/ wkh frqwudgluhfwlrqdo ehdpv hyhu|zkhuh
lqvlgh wkh fu|vwdo zloo irup 5n0judwlqjv1 Iljxuh 87+e, vkrzv wkh dpsolwxgh ri wkh
yh frqwulexwruv wr wkh skdvh frqmxjdwh vljqdo1 Wkh vljqdo iurp U6 jlyhv ulvh wr
wkh skdvh frqmxjdwh uh hfwlylw|  rru +gdvkhg olqh,/ wkh orqj U7 judwlqj uhvxowv
lq wkh yhu| vpdoo zdyhohqjwk vhohfwlylw| +vrolg olqh,1 Pruhryhu/ wkh suhvhqfh ri
U7 fdxvhv wkh vljqdov V5 dqg V6 wr ehfrph edqg0vwrs owhuhg +grwwhg olqh,1 Wkh
owhuhg yhuvlrqv ri V5 dqg V6 jlyh rffdvlrq wr wkh prgxodwlrq ri wkh zlqjv ri wkh
ghwxqlqj fxuyh1
Dv wkh frkhuhqfh ohqjwk ri wkh zulwlqj ehdp ghfuhdvhv wkh ohqjwk ri wkh 5n0
judwlqjv pxvw ghfuhdvh dv zhoo1 Iljxuh 87+f, vkrzv wkh fdofxodwhg ghwxqlqj fxuyh
wkdw vkdoo eh frpsduhg zlwk wkh phdvxuhphqw zlwk wkh pxowlprgh odvhu glrgh
duud|1 Rq wrs ri wkh fdofxodwhg ghwxqlqj fxuyh wkh phdvxuhg ghwxqlqj fxuyh iurp
Ilj1 84 kdv ehhq sorwwhg +gdvkhg olqh zlwk vrolg flufohv,1 Wkh ohqjwk ri U7 lv vhw
wr eh htxdo wr wkh frkhuhqfh ohqjwk ri wkh zulwlqj ehdp/ zklfk lv dssur{lpdwho|
7 pp1 Wkh fdofxodwhg ghwxqlqj fxuyh lv wr vrph h{whqw lq djuhhphqw zlwk wkh
phdvxuhg ghwxqlqj fxuyh1 Wkh zdyhohqjwk vhohfwlylw| dqg wkh vkdsh ri wkh fhqwudo
shdn duh vlplodu1 Wkh vlghedqg vsdflqj rewdlqhg iurp wkh sursrvhg wkhru| lv lq
jrrg djuhhphqw zlwk wkh h{shulphqwdo uhvxow1 Djdlq wkh prgxodwlrq ri wkh zlqjv lv
gxh wr lqwhuihuhqfh ri oljkw gludfwhg lq U6 dqg oljkw wkdw kdv wudyhohg durxqg wkh
orrs1 Wkh vkdsh ri wkh fhqwudo orrs lv pdlqo| gxh wr wkh suhvhqfh ri wkh uh hfwlrq
judwlqj U71
;1516 Ydolglw| ri Prgho
Dv wkh frkhuhqfh ohqjwk ri wkh zulwlqj ehdp ehfrphv pxfk vpdoohu wkdq oorrs/ pruh
5n0judwlqjv zloo hphujh durxqg wkh lqwhuqdo orrs ^435` dqg wkh prgho suhvhqwhg
khuh zloo qrw jlyh dq dffxudwh ghvfulswlrq ri wkh ghwxqlqj fxuyh/ exw vkrxog eh
h{whqghg wr lqfoxgh dgglwlrqdo 5n0judwlqjv1 Iru d yhu| vkruw frkhuhqfh ohqjwk +? 53
p,/ krzhyhu/ doo wkh 5n0judwlqjv zloo frqwulexwh pxfk ohvv wkdq wkh wudqvplvvlrq
judwlqjv W4 dqg W51^435` Lq wklv fdvh wkh 5n0judwlqjv pd| eh qhjohfwhg dqg wkh
ghwxqlqj fxuyh lv ghwhuplqhg e| wkh fkdudfwhulvwlfv ri wkh wudqvplvvlrq judwlqjv
rqo|1 Wklv phdqv wkdw wkh sursrvhg prgho +Ht1 7<, lv rqo| ydolg iru d odvhu vrxufh
zlwk d frkhuhqfh ohqjwk z oorrs/ exw pd| eh xvhg wr h{sodlq wkh vkdsh ri d ghwxqlqj
fxuyh fruuhvsrqglqj wr d frkhuhqfh ohqjwk wkdw lv hyhq vkruwhu1
UlvûU436;+HQ, 438




























































Iljxuh 871 +d, Fdofxodwhg ghwxqlqj fxuyh +vrolg olqh, ri wkh Fdw frqmxjdwru iru
d zulwlqj ehdp zlwk d frkhuhqfh ohqjwk pxfk odujhu wkdq wkh glphqvlrqv ri wkh
fu|vwdo1 Sdudphwhu xvhg=  @ 3184 fp4/  @ ;33 qp/ q @ 517/ W4= O4 @ 4 pp/
q4 @ 543
7/ !4 @ 8917
/  @ 31:: p/ 3 @ 05415
> W5= vdph dv W4> U6= O6
@ 31:8 pp/ q6 @ 443
7/ !6 @ 3/  @ 314: p/ 3 @ 3> U7= O7 @ 4417 pp/
q7@443
7/ !7 @ 3/  @ 314: p/ 3 @ 31 Wkh gdvkhg olqh zlwk vrolg flufohv
lv wkh phdvxuhg ghwxqlqj fxuyh wdnhq iurp Ilj1 7<+d,> +e, wkh yh frqwulexwruv ri
wkh wrwdo ghwxqlqj fxuyh vkrzq lq +d,1 Gdvkhg olqh lv mV4m/ grwwhg olqh lv mV5 . V6m
dqg vrolg olqh lv mV7 . V8m> +f, fdofxodwhg ghwxqlqj fxuyh iru d zulwlqj ehdp zlwk d
frkhuhqfh ohqjwk ri 7 pp1 Sdudphwhuv xvhg= W4= O4 @ 4 pp/ q4 @ 4158437/W5=
vdph dv W4/ U6= O6 @ 31:8 pp/ q6 @ 315843
7/ U7= O7 @ 7 pp/ q7 @ 743
8
1
Doo rwkhu sdudphwhuv duh wkh vdph dv iru +d,1 Wkh gdvkhg olqh zlwk vrolg flufohv lv
wkh phdvxuhg ghwxqlqj fxuyh wdnhq iurp Ilj1 841
439 UlvûU436;+HQ,
;16 Wkh Vhoi0Qduurzlqj Hhfw
Wkh prgho lq Ilj1 86 uhyhdov wkdw dv wkh frkhuhqfh ohqjwk ri wkh zulwlqj odvhu ehdp
ehfrphv odujhu wkdq oorrs/ 5n0judwlqjv pxvw eh iruphg lq wkh lqwhuqdo orrs ri wkh
Fdw frqjxudwlrq lq rughu wr h{sodlq wkh yhu| vpdoo zdyhohqjwk vhohfwlylw| wkdw
zh revhuyh h{shulphqwdoo|1 Wkh 5n0judwlqjv wkdw fdq eh iruphg lq wkh uhodwlyho|
orqj orrs duh suredeo| hvvhqwldo iru wkh dfklhyhphqw ri d yhu| qduurz edqgzlgwk
zkhq d odvhu glrgh lv vhoi0lqmhfwlrq orfnhg zlwk skdvh frqmxjdwh ihhgedfn/ vlqfh
wudqvplvvlrq judwlqjv iruphg lq wkh olplwhg lqwhudfwlrq uhjlrqv +w|slfdo glphqvlrqv
duh ohvv wkdq 418 pp, gr qrw uhvxow lq d vpdoo zdyhohqjwk vhohfwlylw| +A 318 qp,1
Iurp wkh uhvxowv suhvhqwhg lq Ilj1 85/ lw lv nqrzq wkdw iru d frkhuhqfh ohqjwk ri
vhyhudo phwhuv wkh zdyhohqjwk vhohfwlylw| ri wkh judwlqj vwuxfwxuh grhv qrw ehfrph
vpdoohu wkdq 31359 qp1 Wklv idfw fdq h{sodlq wkh revhuyhg olqh zlgwk ri 3135 qp
iurp d pxowlprgh odvhu glrgh duud| frxsohg wr d Fdw frqmxjdwru +vhh Fkdswhuv <
dqg 43,> dv wkh pxowlprgh vshfwuxp ri wkh odvhu glrgh lv qduurzhg grzq gxh wr wkh
ihhgedfn iurp wkh frqmxjdwru/ wkh frkhuhqfh ohqjwk ehfrphv odujhu dqg 5n0judwlqjv
zlwk pruh od|huv dqg d odujhu lqgh{ prgxodwlrq duh iruphg lq wkh fu|vwdo1 Wkh
qhz 5n0judwlqjv duh pruh zdyhohqjwk vhohfwlyh dqg wkh skdvh frqmxjdwh ihhgedfn
ehfrphv hyhq pruh iuhtxhqf| vhohfwlyh1 Frqvhtxhqwo|/ wkh frkhuhqfh ohqjwk ri wkh
odvhu glrgh lv lqfuhdvhg hyhq ixuwkhu1 Wkh orzhu olplw lv/ krzhyhu/ d zdyhohqjwk
vhohfwlylw| ri 31359 qp gxh wr wkh vl}h ri wkh fu|vwdo1 Wklv skhqrphqrq lv uhihuuhg
wr dv wkh vhoi0qduurzlqj hhfw1
Rqh pd| h{shfw dq hyhq vpdoohu zdyhohqjwk vhohfwlylw| li rqh xvhv d skdvh
frqmxjdwh ihhgedfn jhrphwu| zklfk doorzv d odujhu lqwhudfwlrq ohqjwk zlwk frq0
wudgluhfwlrqdo sursdjdwlqj ehdpv wkdw duh wkh skdvh frqmxjdwh ri hdfk rwkhu/ vr
wkdw wkh irupdwlrq ri 5n0judwlqjv lv vwlpxodwhg1 Vxfk d jhrphwu| frxog/ h1j1/ eh d
odujhu fu|vwdo ru wkh xvh ri dq dgglwlrqdo fu|vwdo sodfhg lq iurqw ri wkh Fdw frq0
mxjdwru dqg rulhqwdwhg lq vxfk d zd| wkdw rqo| 5n0judwlqjv fdq eh iruphg +h1j1
sursdjdwlrq dorqj wkh f0d{lv ri d 30fxw fu|vwdo,1
;17 Vxppdu|
Lq frqfoxvlrq/ wkh ghwxqlqj fxuyh +edfnuh hfwlrq yhuvxv zdyhohqjwk ri wkh lqflghqw
ehdp, dqg wkh zdyhohqjwk vhohfwlylw| ri wkh frpsoh{ judwlqj vwuxfwxuh iruphg lq d
vhoi0sxpshg skrwruhiudfwlyh edulxp wlwdqdwh skdvh frqmxjdwru duudqjhg lq d Fdw
jhrphwu| kdyh ehhq phdvxuhg1 Wkh uhvxowv vkrz wkdw dv wkh frkhuhqfh ohqjwk ri
wkh lqflghqw zulwlqj ehdp lv ghfuhdvhg/ wkh zdyhohqjwk vhohfwlylw| ri wkh judwlqj
vwuxfwxuh ri wkh Fdw frqmxjdwru ehfrphv odujhu +ohvv vhohfwlyh,1 Iru d frkhuhqfh
ohqjwk wkdw lv pxfk odujhu wkdq wkh glphqvlrqv ri wkh frqmxjdwru fu|vwdo/ d zdyh0
ohqjwk vhohfwlylw| +ixoo zlgwk dw kdoi0pd{lpxp ri wkh ghwxqlqj fxuyh, dv vpdoo
dv 31359 qp fdq eh dfklhyhg1 Wklv orzhu olplw ghshqgv rq wkh vl}h ri wkh ehdp
sdwk lq wkh fu|vwdo1 D vlpsoh prgho ri wkh judwlqj vwuxfwxuh/ zklfk lv fdsdeoh ri
uhsurgxflqj wkh phdvxuhg ghwxqlqj fxuyhv/ kdv ehhq suhvhqwhg1 Wkh prgho uhyhdov
wkdw d orqj 5n0judwlqj pxvw eh iruphg lq wkh lqwhuqdo orrs ri wkh Fdw frqmxjd0
wru lq rughu wr h{sodlq wkh vpdoo zdyhohqjwk vhohfwlylw| revhuyhg h{shulphqwdoo|1
Pruhryhu/ wkh vkdsh ri wkh ghwxqlqj fxuyh ghshqgv rq wkh frkhuhqfh ohqjwk dqg
lv ghwhuplqhg e| wkh lqwhuihuhqfh ehwzhhq oljkw wkdw lv gludfwhg lq d 5n0judwlqj
dqg oljkw wkdw wudyhov rqh urxqg wuls lq wkh lqwhuqdo orrs1 Wkh uhvxowv h{sodlq krz
wkh rswlfdo ihhgedfn jhqhudwhg e| wkh g|qdplf judwlqjv lq wkh skdvh frqmxjdwru
fdq lqfuhdvh wkh frkhuhqfh ohqjwk ri d pxowlprgh odvhu1
UlvûU436;+HQ, 43:
< Skdvh Frqmxjdwh Vhoi0Lqmhfwlrq
Orfnlqj Xvlqj dq Hwdorq
Lq wklv fkdswhu zh ghprqvwudwh d qhz dqg h{wuhpho| srzhuixo whfkqltxh wkdw irufhv
d odvhu glrgh duud|/ rshudwhg dw d gulyh fxuuhqw idu deryh wkuhvkrog/ wr rvfloodwh lq
d vlqjoh vsdwldo dqg d vlqjoh orqjlwxglqdo prgh1 Wkh frkhuhqfh ohqjwk ri wkh skdvh
orfnhg rxwsxw lv suryhq wr eh lqfuhdvhg vljqlfdqwo|1 Wkh odvhu duud| lv frxsohg wr
dq h{whuqdo skrwruhiudfwlyh skdvh frqmxjdwh pluuru +SFP,1 Wr glvfulplqdwh wkh
orqjlwxglqdo prghv d Ideu|0Shurw hwdorq lv lqfoxghg lq wkh h{whuqdo fdylw|1 Wkhuhe|
rqo| d olplwhg qxpehu ri prghv duh vxevhtxhqwo| doorzhg wr lqwhudfw zlwk wkh
dgdswlyh SFP1 Wkh hwdorq lv wkh nh| frpsrqhqw lq wklv qhz iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn +IVSFI, v|vwhp1 Lw holplqdwhv iuhtxhqf| vfdqqlqj dqg
vwdelol}hv wkh rxwsxw1 Zkhq rshudwhg zlwk wkh IVSFI v|vwhp/ doo wkh udgldwhg
hqhuj| iurp wkh iuhho| uxqqlqj duud| lv suhvhqw lq rqh vlqjoh prgh1 Lq wkh r0d{lv
frqjxudwlrq wkh idu0hog ehfrphv doprvw gludfwlrq olplwhg1
<14 H{shulphqwdo Vhwxs
Wkh sulqflsoh ri rshudwlrq lv vkrzq lq Ilj1 881 Wkh odvhu glrgh duud| lv d JdDoDv
whq0vwulsh jdlq0jxlghg ghylfh +duud| L,/ zlwk d 433 p zlgh hplwwlqj mxqfwlrq1 Lw
lv whpshudwxuh frqwuroohg e| d showlhu hohphqw1 Wkh duud| kdv d wkuhvkrog ri 315;
dps +@ lwk, dqg d pd{lpxp rxwsxw srzhu ri 318 zdww dw 31< dps +615lwk,1 Wkh
fhqwhu zdyhohqjwk ri wkh vshfwuxp dw 58F lv ;48 qp1
Wkh rxwsxw ehdp ri wkh duud| lv froolpdwhg zlwk d ohqv +O4, wkdw kdv dq hhfwlyh
irfdo ohqjwk ri 718 pp dqg d qxphulfdo dshuwxuh ri 31881 D vskhulfdo vlqjohw zlwk
d irfdo ohqjwk ri :915 pp lv xvhg wr jhqhudwh d svhxgr idu0hog +lpdjh ri Irxulhu
sodqh ri ohqv O4, dw d glvwdqfh ri 7:8 pp iurp wkh duud|> dw wkh sodqh ri wkh svhxgr
idu0hog dssur{lpdwho| 4 pp fruuhvsrqgv wr 41 Lq wkh sodqh ri wkh svhxgr idu0hog
vsdwldo owhulqj lv dssolhg1 Wkh vsdwldo owhu frqvlvwv ri wzr sdudooho ud}ru eodghv
prxqwhg rq wzr wudqvodwlrq vwdjhv/ dqg rqo| udgldwlrq lq0ehwzhhq wkh ud}ru eodghv
lv doorzhg wr sdvv wkh owhu1 D f|olqgulfdo ohqv zlwk d irfdo ohqjwk ri 483 pp lv xvhg
wr froolpdwh wkh ehdp lq wkh wudqvyhuvh gluhfwlrq ri wkh duud|1 D vskhulfdo vlqjohw
zlwk d irfdo ohqjwk ri 483 pp lv xvhg wr irfxv wkh oljkw dqg jhqhudwhv d 5 pp ehdp
vsrw vl}h dw wkh idfh ri wkh skdvh frqmxjdwru pdgh xs ri d ukrglxp grshg EdWlR6
fu|vwdo1 Wkh fu|vwdo lv duudqjhg lq wkh vhoi0sxpshg Fdw frqjxudwlrq1 Erwk d 780
dqg d 30fxw fu|vwdo +Eoxh LL dqg Eoxh LLL, kdyh ehhq xvhg lq wkh h{shulphqwv zlwk
qr vljqlfdqw glhuhqfhv lq wkh rewdlqhg shuirupdqfh ri wkh v|vwhp1 Krzhyhu/ wkh
exlog0xs ri wkh Fdw jhrphwu| vhhpv hdvlhu iru wkh 30fxw fu|vwdo +Eoxh LLL,1 Doo
ohqvhv kdyh d eurdgedqg dqwl0uh hfwlrq frdwlqj +U ? 4(, lq rughu wr plqlpl}h wkh
orvv ri wkh h{whuqdo fdylw|1 D frxsolqj orvv ri dssur{lpdwho| 53( rffxuuhg ehwzhhq
wkh duud| dqg ohqv O4/ dqg dq dgglwlrqdo 43( lv orvw gxh wr wkh ehdpvsolwwhu/ wkh
zdyh sodwh/ dqg wkh ohqvhv +O5 dqg O6,1 Wkh h{whuqdo fdylw| kdv d ohqjwk ri 5::8
pp1 Wr rewdlq wkh odujhvw skrwruhiudfwlyh uhvsrqvh wkh kljk frkhuhqfh d{lv/ wkh
srodul}dwlrq/ dqg wkh f0d{lv ri wkh fu|vwdo pxvw olh lq wkh vdph sodqh/ d uhtxluhphqw
wkdw fdq eh dffrpsolvkhg li zh urwdwh wkh ehdp srodul}dwlrq <3 zkloh nhhslqj wkh
frkhuhqfh d{lv {hg1 Wklv lv grqh e| urwdwlqj wkh duud| <3 durxqg lwv rswlfdo d{lv
dqg lqvhuwlqj d kdoi0zdyhohqjwk zdyh sodwh lq wkh sdwk lq0ehwzhhq wkh duud| dqg
wkh SFP/ dv glvfxvvhg lq Vhf1 719171 Lq0ehwzhhq wkh duud| dqg wkh SFP d vrolg
hwdorq lv sodfhg1 Wkh hwdorq lv d vshfwudo owhu dqg doorzv rqo| fhuwdlq uhvrqdqfh
iuhtxhqflhv wr sdvv dqg vxevhtxhqwo| wr lqwhudfw zlwk wkh dgdswlyh SFP1 Ohqv O6
lv lqfoxghg wr hqvxuh wkh kljkhvw froolpdwlrq xsrq sdvvlqj wkh hwdorq dqg/ wkhuhe|/
wr lqfuhdvh wkh wudqvplvvlrq ri wkh uhvrqdqfh iuhtxhqflhv1 Wzr glhuhqw hwdorqv duh
43; UlvûU436;+HQ,
whvwhg zlwk wkh vhwxs1 Wkh uvw rqh +hwdorq L, kdv d wklfnqhvv ri 633 p zlwk d
qhvvh ri dssur{lpdwho| 4:1 Wkh iuhh vshfwudo udqjh +hwdorqivu , lv 31:8 qp dw ;47
qp +ru 683 JK},1 Wkh IZKP edqgzlgwk ri wkh hwdorq +@ hwdorqizkp, lv 3137 qp
dw ;47 qp +ru 53 JK},1 Wkh vhfrqg hwdorq +hwdorq LL, kdv d iuhh vshfwudo udqjh ri
558 JK} dqg d qhvvh ri 5191 Wkh IZKP edqgzlgwk lv 314< qp dw ;47 qp +ru
;9 JK},1 Lw lv hwdorq L wkdw lv xvhg lq wkh frqjxudwlrq xqohvv rwkhuzlvh vwdwhg1
Iljxuh 881 H{shulphqwdo vhwxs1 D JdDoDv odvhu glrgh duud| lv frxsohg wr d skdvh
frqmxjdwh pluuru1 O4= QD1 @ 3188/ i @ 718 pp/ O5= ohqv i @ :915 pp/ O6= f|olq0
gulfdo ohqv i @ 483 pp/ O7= ohqv i @ 483 pp/ EV= ehdpvsolwwhu +5 zhgjh,/ ZS=
@5 zdyh sodwh +}hur0rughu,/ HW= Ideu|0Shurw hwdorq/ VI= vsdwldo owhu +wzr ud}ru
eodghv prxqwhg rq wudqvodwlrq vwdjhv,/ P= uhprydeoh pluuru1
Zh frqvlghu wzr glhuhqw ihhgedfn frqjxudwlrqv= +l, wkh r0d{lv +ru wkh vlqjoh0
oreh, dqg +ll, rq0d{lv +ru wkh wzlq0oreh,1 Lq wkh r0d{lv frqjxudwlrq d uhprydeoh
pluuru +P, lv lqvhuwhg kdoizd| wkurxjk wkh ehdp olqh/ dw wkh srvlwlrq ri wkh jhqhu0
dwhg svhxgr idu0hog/ dqg lw frxsohv rxw rqh kdoi ri wkh udgldwhg idu0hog sdwwhuq1
Wkh uh hfwhg ehdp lv wkh rxwsxw ehdp ri wkh v|vwhp1 Lq wkh rq0d{lv frqjxudwlrq
wkh pluuru dqg wkh vsdwldo owhu +VI, duh uhpryhg dqg doo wkh hqhuj| ri wkh duud| lv
gluhfwhg wrzdugv wkh SFP1 Wkh rq0d{lv +wzlq0oreh, frqjxudwlrq +Vhf1 814, pd|
eh uhjdughg dv d v|vwhp ri frxsohg uhvrqdwruv/ zkhuhdv wkh r0d{lv frqjxudwlrq
lv wkh r0d{lv vhoi0lqmhfwlrq orfnlqj frqjxudwlrq +Vhf1 81614,1
<15 Fkdudfwhulvwlfv ri wkh Rq0D{lv Frqjxudwlrq
Iluvw zh frqvlghu wkh rq0d{lv +wzlq0oreh, frqjxudwlrq1 Wkh hwdorq lv d iuhtxhqf|
owhu dqg zloo rqo| sdvv d olplwhg qxpehu ri iuhtxhqflhv wkdw fdq vxevhtxhqwo|
lqwhudfw zlwk wkh skdvh frqmxjdwru1
<1514 Vshfwudo Fkdudfwhulvwlfv
Zkhq wkh fu|vwdo lv looxplqdwhg/ wkh uh hfwlylw| ri wkh skdvh frqmxjdwru lqfuhdvhv
dqg wkh vshfwuxp lv qduurzhg grzq vljqlfdqwo|1 Iljxuhv 89+d, dqg +e, glvsod| wkh
vshfwuxp ri wkh odvhu duud| zkhq lw lv skdvh orfnhg gxh wr wkh iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn +IVSFI, dqg zkhq lw uxqv iuhho|/ uhvshfwlyho|1 Wkh gulyh
fxuuhqw lv wzr wlphv wkh wkuhvkrog fxuuhqw +5lwk,/ dqg dw wklv ohyho lw frxog wdnh
vhyhudo plqxwhv ehiruh wkh skdvh frqmxjdwru kdg exlow xs dqg orfnlqj zrxog eh
hvwdeolvkhg1 Lq Ilj1 89+d, lw lv vhhq wkdw wkh frrshudwlyh lqwhudfwlrq dprqj wkh
SFP/ wkh hwdorq dqg wkh duud| irufhv wkh vshfwuxp wr qduurz grzq vxevwdqwldoo|1
Wkh edqgzlgwk lv phdvxuhg wr eh uhgxfhg iurp d ixoo zlgwk dw kdoi0pd{lpxp
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+IZKP, ri 31: qp wr ohvv wkdq 3135 qp +uhvroxwlrq olplwhg,1 Wkh hwdorq xvhg
+hwdorq L, kdv d edqgzlgwk ri hwdorqizkp @ 3137 qp1 Wkh prgh vsdflqj ehwzhhq wzr
dgmdfhqw duud| prghv lv rq wkh rughu ri p>p.4 * 3135 qp ^66/ 73`/ dqg hyhq wkh
forvhvw vsdfhg duud| prghv wkhuhiruh kdyh vx!flhqwo| glhuhqw wudqvplvvlrq orvvhv
lq wkh hwdorq1 Frqvhtxhqwo|/ d vlqjoh duud| prgh +vlqjoh0prgh rshudwlrq, fdq eh
vhohfwhg li wkh pd{lpxp wudqvplvvlrq ri wkh hwdorq lv wxqhg wr d iuhtxhqf| wkdw
pdwfkhv dq duud| prgh zlwk kljk jdlq1 Wkh wxqlqj fdq eh dfklhyhg e| wlowlqj wkh
hwdorq zlwk uhvshfw wr wkh rswlfdo d{lv1


















Iljxuh 891 Vshfwuxp iurp odvhu glrgh duud|1 +d, Odvhu duud| lv h{srvhg wr iuhtxhqf|
vhohfwlyh skdvh frqmxjdwh ihhgedfn dw d gulyh fxuuhqw ri 5lwk +rq0d{lv frqjxudwlrq
zlwk hwdorq L,1 +e, Odvhu duud| uxqv iuhho| zlwk qr ihhgedfn dw d gulyh fxuuhqw ri
5lwk1
Wkh Lq xhqfh ri wkh Hwdorq Edqgzlgwk Wkh rq0d{lv frqjxudwlrq kdv dovr
ehhq whvwhg zlwk wkh orz qhvvh hwdorq +hwdorq LL,1 Li hwdorq L lv uhsodfhg zlwk hwdorq
LL/ pruh duud| prghv zloo rvfloodwh1 Wkh edqgzlgwk ri hwdorq LL lv 314< qp dqg
rqo| glhuhqw orqjlwxglqdo prghv +frqvlvwlqj ri vhyhudo duud| prghv, kdyh glhuhqw
wudqvplvvlrq orvvhv> khqfh/ d foxvwhu ri duud| prghv durxqg rqh orqjlwxglqdo prgh
duh odvlqj1 Dw d gulyh fxuuhqw ri 5lwk wkh fu|vwdo surylghv d ihhgedfn ri xs wr 43(
phdvxuhg dw wkh ehdpvsolwwhu1 Zlwk hwdorq LL wkh edqgzlgwk ri wkh vshfwuxp lv
uhgxfhg wr 3148 qp1 Lw vkrxog eh qrwhg wkdw lq wkh rq0d{lv frqjxudwlrq zkhuh
qr vsdwldo owhulqj lv dssolhg wkh edqgzlgwk lv ghwhuplqhg e| wkh edqgzlgwk ri
wkh hwdorq/ vlqfh wkh odvhu glrgh duud| dqg wkh skdvh frqmxjdwh pluuru +zklfk fdq
rqo| uh hfw oljkw wkdw fdq sdvv wkh hwdorq, irup d frxsohg uhvrqdwru1
Ghvslwh wkh prghvw lqfuhdvh lq wkh frkhuhqfh ohqjwk + hljkw wlphv,/ wkh frq0
jxudwlrq zlwk hwdorq LL lv h{wuhpho| vwdeoh zlwk uhvshfw wr wkh fhqwhu zdyhohqjwk
ri wkh skdvh orfnhg vshfwuxp wkdw lv ghwhuplqhg e| wkh shdn wudqvplvvlrq ri wkh
hwdorq1 Xqghu qrupdo frqglwlrqv wkh vshfwuxp ri wkh iuhho| uxqqlqj odvhu glrgh du0
ud| zloo vkliw 316 qp2F1 Krzhyhu/ zkhq wkh ihhgedfn lv dssolhg/ wkh whpshudwxuh
ri wkh odvhu glrgh duud| fdq eh irufhg wr fkdqjh +xvlqj wkh showlhu hohphqw, ryhu
d udqjh ri 48F lq ohvv wkdq rqh plqxwh dqg wkh fhqwhu zdyhohqjwk lv xqdhfwhg1
Wklv phdqv wkdw wkh odvhu duud| fdq lq sudfwlfh eh rshudwhg zlwkrxw wkh dfwlyh
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whpshudwxuh frqwuro li wkh IVSFI v|vwhp lv dssolhg1 Li hwdorqizkp lv frpsdudeoh
zlwk p>p.4/ wklv lv qrw wkh fdvh1 Wkhq d whpshudwxuh fkdqjh ohdgv wr rvflood0
wlrq ri rwkhu prghv wkdw pdwfk dqrwkhu wudqvplvvlrq zlqgrz ri wkh hwdorq wkdw
lv vkliwhg hwdorqivu lq zdyhohqjwk1
<1515 Idu0Ilhog Fkdudfwhulvwlfv
Iljxuh 8:+d, vkrzv wkh idu0hog ri wkh duud| lq wkh rq0d{lv ihhgedfn frqjxudwlrq
xvlqj hwdorq L1 Zkhq wkh duud| uxqv iuhho|/ dv vhhq lq Ilj1 8:+e,/ wkh idu0hog
frqvlvwv ri vhyhudo vsdwldo prghv dqg wkh udgldwlrq lv doprvw xqlirup zlwklq 
@ 05 wr .51 Krzhyhu/ zkhq wkh duud| rshudwhv lq rqh vlqjoh vsdwldo prgh/ wkh
idu0hog fkdqjhv wr wkh zhoo nqrzq wzlq0oreh/ dv vhhq lq Ilj1 8:+d,1 Frpsduh wklv
jxuh zlwk Ilj1 : rq sdjh 5;1 Wkh shdnv duh fhqwhuhg durxqg  	 5=6/ zklfk
dffruglqj wr Ht1 ;/ fruuhvsrqgv wr wkh p @ 43 prgh wkdw iru d whq0vwulsh duud|
kdv wkh kljkhvw jdlq dqg lv suhglfwhg wr eh fhqwhuhg dw p@43 @ 	5=66
 +vhh Ht1 ;,1
Rqo| vshfwudo owhulqj lv dssolhg lq wkh rq0d{lv frqjxudwlrq1 Vlqfh wkh edqgzlgwk
ri hwdorq L lv frpsdudeoh zlwk p>p.4 +wkh vshfwudo owhulqj lv yhu| vhohfwlyh,/
vlqjoh0prgh rshudwlrq fdq vwloo eh dfklhyhg xvlqj wkh skdvh frqmxjdwh iuhtxhqf|
vhohfwlyh ihhgedfn1 Krzhyhu/ dw d gulyh fxuuhqw ri 6lwk/ wkh iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn lv qrw vwurqj hqrxjk dqg vlqjoh0prgh rshudwlrq fdqqrw
eh rswdlqhg1 Dv d uhvxow/ qhdue| duud| prghv vwduw wr hphujh dqg wkh edqgzlgwk
lv lqfuhdvhg wr 314 qp dqg/ frqvhtxhqwo|/ wkh idu0hog orehv dovr eurdghq1


































Iljxuh 8:1 Idu0hog sdwwhuq ri wkh odvhu glrgh duud| lq wkh odwhudo gluhfwlrq1 +d,
Odvhu duud| lv h{srvhg wr iuhtxhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn dw d gulyh
fxuuhqw ri 5lwk +wkh rq0d{lv frqjxudwlrq zlwk hwdorq L,1 +e, Odvhu duud| uxqv
iuhho| zlwk qr ihhgedfn dw d gulyh fxuuhqw ri 5lwk1
<1516 Lqwhqvlw| Qrlvh ri wkh Duud| Rxwsxw
Wkh skdvh frqmxjdwh uh hfwlylw| ri wkh SFP udqjhv iurp 48( dw orz gulyh fxuuhqw
+5lwk, grzq wr ;( dw kljkhu gulyh fxuuhqw +6lwk,1 Wkh ihhgedfn ohyho phdvxuhg dw
wkh ehdpvsolwwhu +EV, udqjhv iurp 70;( dw orz gulyh fxuuhqw wr 41805( dw kljkhu
gulyh fxuuhqw1 Wkh dprxqw ri srzhu wkdw lv ihg edfn lqwr wkh duud| lv 7 pZ dqg
lv lqghshqghqw ri wkh gulyh fxuuhqw lq wkh udqjh ri 5lwk wr 6lwk +wrwdo udgldwhg
srzhu lv 533 pZ dqg 773 pZ dw 5lwk dqg 6lwk/ uhvshfwlyho|,1 Wklv fruuhvsrqgv
wr dq h{whuqdo uh hfwlylw| Uh{w @ 31<05(1 Xvlqj Ht1 5: dqg Urxw @ 3137 wkh
ihhgedfn frh!flhqw fdq eh ghwhuplqhg wr d pd{lpxp ri x @ 31791 Dffruglqj wr
Vhf1 81517 wklv lv lq wkh kljk ihhgedfn uhjlph1 Wkh iuhtxhqf| vfdqqlqj lqvwdelolw|
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kdv ehhq dyrlghg e| xvlqj wkh hwdorq1 Krzhyhu/ wkhuh pd| eh h{whuqdo fdylw|
prghv suhvhqw wkdw dffruglqj wr Vhf1 81517 fdq ohdg wr lqfuhdvhg qrlvh wkurxjk
prgh ehdwlqj lq wkh ghwhfwlrq surfhvv1 Xvlqj Ht1 5< |lhogv F * 633 +x @ 3179/

f
@ 5/ Oh{w @ 883 pp/ O @ 31; pp,1 Wkhuhiruh/ wkh ihhgedfn lv vx!flhqwo|
vwurqj wr jhqhudwh h{whuqdo fdylw| prghv1 Lq rughu wr yhuli| wkh suhvhqfh ri wkh
h{whuqdo fdylw| prghv/ wkh uh hfwlrq dw wkh ehdpvsolwwhu lv gluhfwhg wr d idvw vlolfrq
ghwhfwru zlwk d edqgzlgwk ri 4 JK}1 Wkh phdvxuhg hohfwulfdo vshfwud duh vkrzq
lq Ilj1 8;1 Erwk wkh vshfwuxp fruuhvsrqglqj wr wkh fdvh zkhuh wkh odvhu duud|
uxqv iuhho| +orzhu fxuyh,/ dqg wkh vshfwuxp zkhuh lw lv h{srvhg wr wkh IVSFI duh
vkrzq +xsshu fxuyh,1 Wkh srzhu lqflghqw rq wkh ghwhfwru kdv ehhq dgmxvwhg vr
wkdw wkh GF rxwsxw lv wkh vdph iru wkh wzr phdvxuhphqwv1 Lw lv fohduo| vhhq wkdw
wkh IVSFI ohdgv wr dq lqfuhdvh lq lqwhqvlw| qrlvh1 Pruhryhu/ vhyhudo fkdudfwhulvwlf
shdnv duh lghqwlhg lq wkh vshfwuxp1 Wkh shdnv duh vsdfhg zlwk 58; PK} dqg
ruljlqdwh iurp wkh ehdwlqj ehwzhhq glhuhqw h{whuqdo fdylw| prghv lq wkh rswlfdo
wr hohfwulfdo ghwhfwlrq surfhvv1 Iru h{dpsoh/ wkh vhfrqg shdn dw 849 PK} lv fdxvhg
e| ehdwlqj ehwzhhq wzr h{whuqdo fdylw| prghv wkdw kdyh dq rvfloodwlrq iuhtxhqf|
wkdw glhu zlwk 849 PK} fruuhvsrqglqj wr 54
h{w
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Iljxuh 8;1 Hohfwulfdo vshfwuxp iru ghwhfwhg rxwsxw iurp odvhu glrgh duud| lq wkh
rq0d{lv frqjxudwlrq1 Wkh vshfwud fruuhvsrqglqj wr erwk wkh iuhho| uxqqlqj duud|
+orzhu fxuyh, dqg wkh fdvh zkhq wkh IVSFI lv dssolhg +xsshu fxuyh, duh vkrzq1
Wkh h{whuqdo fdylw| lv Oh{w @ 3188 p1 Wkh gulyh fxuuhqw lv 5lwk1
H{whuqdo Fdylw| Prgh Vsdflqj Dffruglqj wr Vhf1 81416/ wkh iuhtxhqf| glhu0
hqfh ri 58; PK} suhglfwv dq h{whuqdo fdylw| ohqjwk ri Oh{w @ 318; p +iuhh vsdfh,1
Wkh h{whuqdo fdylw| zdv phdvxuhg wr eh Oh{w @ 3188 p +sk|vlfdo ohqjwk, zklfk
lv lq djuhhphqw zlwk wkh shdn vsdflqj li wkh uh hfwlyh lqglfhv ri wkh ohqvhv lq wkh
h{whuqdo fdylw| duh lqfoxghg1 Wkh suhvhqfh ri h{whuqdo fdylw| prghv kdv khuhe|
ehhq hvwdeolvkhg1 Wkh h{whuqdo fdylw| prgh vsdflqj lv f25Oh{w dv lv wkh fdvh zlwk
d frqyhqwlrqdo fdylw|1 Wkhruhwlfdo lqyhvwljdwlrqv ^<3/ 539` kdyh vkrzq wkdw iru d
fdylw| zlwk d skdvh frqmxjdwru dv rqh fdylw| pluuru/ wkh h{whuqdo fdylw| prgh
vsdflqj lv f27Oh{w/ ru kdoi wkh orqjlwxglqdo prgh vsdflqj ri d fdylw| zlwk frqyhq0
wlrqdo pluuruv1 Krzhyhu/ dv glvfxvvhg lq Vhf1 81515/ wklv lv rqo| ydolg iru h{whuqdoo|
sxpshg frqmxjdwruv dqg grhv qrw dsso| wr wkh vhoi0sxpshg jhrphwu| wkdw lv xvhg
khuh1 Dv d uhvxow/ wkh h{whuqdo fdylw| prgh vsdflqj lv f25Oh{w dv iru frqyhqwlrqdo
fdylw|1^486` Lw kdv h{shulphqwdoo| ehhq yhulhg wkdw li wkh ohqjwk ri wkh h{whuqdo
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fdylw| lv lqfuhdvhg e| d idfwru ri wzr/ wkh shdn vsdflqj lv ghfuhdvhg e| d idfwru ri
wzr1
<16 Vsdwldo Fkdudfwhulvwlfv 0 R0D{lv Frqjxud0
wlrq
Lq wkh r0d{lv +vlqjoh0oreh, frqjxudwlrq wkh idu0hog sdwwhuq lv qduurzhg grzq
vljqlfdqwo|1 Ihhglqj edfn rqo| rqh ri wkh wzr orehv lv vrphzkdw vlplodu wr wkh
suhylrxvo| uhsruwhg vhoi0lqmhfwlrq orfnlqj whfkqltxhv zkhuh d skrwruhiudfwlyh SFP
lv xvhg1^44/ 48` Wkh kljkhvw ghjuhh ri euljkwqhvv ri wkh rxwsxw ri wkh v|vwhp lv
rewdlqhg zlwk wkh vsdwldo owhu dqg wkh hwdorq/ dqg zkhq rqo| rqh vlqjoh oreh lv
ihg edfn wr wkh odvhu glrgh duud|1 Iurp dq h{shulphqwdo dqg sudfwlfdo srlqw ri
ylhz/ wklv frqjxudwlrq lv dwwudfwlyh vlqfh d odujh iudfwlrq ri wkh udgldwhg hqhuj|
fdq eh h{wudfwhg iurp wkh odvhu v|vwhp1
Dv wkh uh hfwlylw| ri wkh SFP lv exlow xs/ wkh rxwsxw idu0hog oreh jurzv dw
wkh h{shqvh ri wkh lqmhfwlrq oreh1 Krzhyhu/ wr dfklhyh vlqjoh0oreh rshudwlrq lw lv
riwhq qhfhvvdu| wr rshq wkh vsdwldo owhu voljkwo| vr wkdw pruh hqhuj| zloo uhdfk
wkh SFP lq rughu wr vwduw wkh vhoi0sxpshg frqmxjdwru1 Diwhu d ihz plqxwhv wkh
glvwdqfh ehwzhhq wkh wzr ud}ru eodghv fdq wkhq eh glplqlvkhg djdlq1 Iljxuh 8<+d,
vkrzv wkh idu0hog ri wkh odvhu duud| zkhq lw uxqv iuhho| dw d gulyh fxuuhqw ri 5lwk1
Iljxuhv 8<+e, dqg +f, glvsod| wkh idu0hog iru d gulyh fxuuhqw ri 5lwk dqg 6lwk/
uhvshfwlyho|/ zkhq wkh IVSFI lv dssolhg1
Lq wkh sodqh shushqglfxodu wr wkh mxqfwlrq wkh idu0hog lv forvh wr wkh gludfwlrq
olplw dqg kdv d Jdxvvldq vkdsh wkdw lv xqdhfwhg ri wkh qxpehu ri rvfloodwlqj
duud| prghv1 Lw lv wkh oreh dw wkh qhjdwlyh dqjohv +wkh lqmhfwlrq oreh, wkdw lv ihg
edfn wr wkh odvhu glrgh duud|1 Wkh shdn ri wkh rxwsxw oreh lv fhqwhuhg dw .5=6
dqg .5=5 iru 5lwk dqg 6lwk/ uhvshfwlyho|1 Wkh prvw h!flhqw shuirupdqfh ri wkh
v|vwhp dozd|v wdnhv sodfh zlwk dq hplvvlrq durxqg 5=6 zklfk fruuhvsrqgv wr wkh
p @ 43 duud| prgh1 Wkh hgjhv ri wkh wzr ud}ru eodghv wkdw irup wkh vsdwldo owhu
duh srvlwlrqhg dw  @ 041< dqg  @ 05181 Wkh IZKP ri wkh rxwsxw ehdp +wkh
srvlwlyh dqjoh, lv phdvxuhg wr 31:8 +5lwk, dqg 31<5 +6lwk, fruuhvsrqglqj wr 417
dqg 41: wlphv wkh gludfwlrq olplw/ uhvshfwlyho|1 Wkh wrwdo hqhuj| udgldwhg iurp
wkh odvhu glrgh duud| lv lqfuhdvhg e| dssur{lpdwho| 8( zlwk wkh skdvh frqmxjdwh
ihhgedfn frpsduhg zlwk wkh iuhho| uxqqlqj odvhu glrgh duud|1
Wkh phdvxuhg srzhu ri wkh rxwsxw ehdp lv 43: pZ dqg 55: pZ iru d gulyh
fxuuhqw ri 5lwk dqg 6lwk/ uhvshfwlyho|1 Zkhq wkh odvhu glrgh duud| uxqv iuhho|/
wkh wrwdo srzhu diwhu wkh f|olqgulfdo ohqv +O6, lv 47: pZ dqg 653 pZ iru 5lwk
dqg 6lwk/ uhvshfwlyho|1 Dw 5lwk dqg 6lwk dqg zkhq wkh IVSFI lv dssolhg/ wkh
wrwdo udgldwhg hqhuj| iurp wkh duud| +ehiruh ohqv O4, lv 54; pZ dqg 798 pZ/
uhvshfwlyho|1 Wklv phdqv wkdw pruh wkdq :3( ri wkh dydlodeoh hqhuj| diwhu ohqv
O6 lv frqwdlqhg lq wkh rxwsxw ehdp/ dqg wkdw 83( ri wkh wrwdo udgldwhg hqhuj| lv
frqwdlqhg lq wkh rxwsxw ehdp1 Krzhyhu/ dv fdq eh vhhq iurp wkh suroh lq Ilj1
8<+e,/ wkh rxwsxw oreh +wkh srvlwlyh oreh, frqwdlqv pruh wkdq ;3( ri wkh wrwdo
udgldwhg idu0hog hqhuj|1 Edvhg rq wklv suroh lw lv hvwlpdwhg wkdw ;3( ri wkh
udgldwhg hqhuj| fdq eh frqwdlqhg lq wkh rxwsxw ehdp surylghg orvvhv dw ohqvhv/
hwf1 duh holplqdwhg1
Wkh dprxqw ri ihhgedfn phdvxuhg dw wkh ehdpvsolwwhu lv w|slfdoo| lq wkh udqjh
ri 31704( +kljkhvw dw orzhu fxuuhqw,1 Wkh skdvh frqmxjdwh uh hfwlylw| ri wkh SFP
udqjhv iurp 45 wr 48( iru doo gulyh fxuuhqwv1 Wkh dprxqw ri srzhu wkdw zdv ihg
edfn lqwr wkh duud| lv 3180417 pZ +kljkhvw dw orzhu fxuuhqw,1 Dw d gulyh fxuuhqw
ri 5lwk wkh wrwdo udgldwhg rxwsxw srzhu lv 54; pZ/ zklfk fruuhvsrqgv wr dq
dpsolfdwlrq ri pruh wkdq 54 gE +@ 54; pZ2417 pZ, ri wkh hqhuj| wkdw lv ihg
edfn lqwr wkh duud|1
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Iljxuh 8<1 Idu0hog sdwwhuq ri wkh odvhu glrgh duud| h{srvhg wr iuhtxhqf| vhohfwlyh
skdvh frqmxjdwh ihhgedfn lq dq r0d{lv vhoi0lqmhfwlrq orfnlqj frqjxudwlrq xvlqj dq
hwdorq1 +d, Odvhu duud| uxqv iuhho| dw d gulyh fxuuhqw ri 5lwk1 +e, Ihhgedfn dssolhg
dw 5lwk1 +f, Ihhgedfn dssolhg dw 6lwk1
Wkh idu0hog vkrzq lq Ilj1 8<+e, lv dovr rewdlqhg li wkh hwdorq lv uhpryhg iurp
wkh h{whuqdo fdylw|1 Ghvslwh wkh vsdwldo owhulqj/ krzhyhu/ wkh odfn ri vshfwudo
owhulqj ohdgv wr wkh rvfloodwlrq ri pruh orqjlwxglqdo prghv1
<1614 Irfxvdelolw| ri wkh Rxwsxw Ehdp
Lw zdv dovr whvwhg krz wljkw wkh rxwsxw ehdp frxog eh irfxvhg1 Wkh rxwsxw ehdp
kdv d vl}h ri  ;4 +pp,5 +dorqj wkh kljk dqg wkh orz frkhuhqfh d{hv ri wkh odvhu
duud|/ uhvshfwlyho|, phdvxuhg dw pluuru P +vhh Ilj1 88,1 Wkh ehdp lv froolpdwhg
dorqj wkh kljk frkhuhqfh d{lv/ exw lv voljkwo| glyhujlqj dorqj wkh orz frkhuhqfh d{lv1
Wkh rxwsxw ehdp lv h{sdqghg dorqj wkh orz frkhuhqfh d{lv xvlqj wzr f|olqgulfdo
ohqvhv sodfhg 31:3 p dsduw1 Wkh wzr ohqvhv kdyh d irfdo ohqjwk ri 093 pp dqg .;33
pp/ uhvshfwlyho|1 Wkh rxwsxw ehdp kdv d vl}h ri 4343 pp5 +@ GG, phdvxuhg
dw wkh sodqh fruuhvsrqglqj wr odvw f|olqgulfdo ohqv/ diwhu zklfk dq dfkurpdw zlwk d
irfdo ohqjwk ri 73 pp +@ i, lv sodfhg1 Wklv lv d w|slfdo irfdo ohqjwk xvhg zkhq/ h1j1/
wkh rxwsxw iurp glrgh duud|v lv xvhg wr sxps vrolg vwdwh odvhuv1 Wkh phdvxuhg vsrw
vl}h +ixoo zlgwk dw 42h5, iru wkh rxwsxw ehdp lv 441:  441; +p,51 Wkh phdvxuhg
vsrw lv vkrzq lq Ilj1 931
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Wkh wkhruhwlfdoo| vpdoohvw vsrw vl}h +ixoo zlgwk dw 42h5, wkdw fdq eh dfklhyhg
xvlqj d Jdxvvldq ehdp lv 7i@+G,/ zklfk jlyhv 714 p iru G @ 43 pp dqg i @
73 pp1 Frpsdulvrq zlwk wkh 441: p vsrw vl}h lqglfdwhv wkdw wkh rxwsxw ehdp
lv ri d kljk txdolw| |lhoglqj forvh wr gludfwlrq olplwhg shuirupdqfh1 Pruhryhu/
wkh phdvxuhg rxwsxw vsrw vl}h fdq eh frpsduhg zlwk wkh vpdoohvw vsrw vl}h wkdw
fdq eh dfklhyhg zlwk frqyhqwlrqdo ohqvhv/ sulvpv/ hwf1 zkhq dwwhpswv duh pdgh
wr irfxv wkh wrwdo udgldwlrq sdwwhuq ri d iuhho| uxqqlqj odvhu glrgh duud|1 Iru wkh
VGO05765 odvhu glrgh duud| +wkh vdph dv duud| L, wkh vpdoohvw qhduo| flufxodu vsrw
vl}h uhsruwhg ^53:` zdv <3  433 p5 +zlwk d 73 pp irfdo ohqjwk ohqv sodfhg dv
wkh odvw ohqv lq wkh frqjxudwlrq,/ zklfk fruuhvsrqgv wr dq lqwhqvlw| wkdw lv pruh
wkdq iw| wlphv vpdoohu wkdq wkh uhvxowv suhvhqwhg khuh1
Iljxuh 931 Plqlpxp vsrw vl}h ri rxwsxw ehdp irfxvhg e| d ohqv zlwk d 73 pp irfdo
ohqjwk1 Wkh gulyh fxuuhqw lv 5lwk dqg wrwdo srzhu lq wkh rxwsxw ehdp lv 43: pZ1
Wkh wkuhh frqwrxu olqhv fruuhvsrqg wr dq dpsolwxgh ri 31468/ 318/ dqg 31<1
<17 Vshfwudo Fkdudfwhulvwlfv 0 R0D{lv Frqjx0
udwlrq
Lq wklv vhfwlrq wkh fkdudfwhulvwlfv ri wkh vshfwuxp dqg wkh frkhuhqfh ohqjwk re0
wdlqhg zlwk wkh r0d{lv frqjxudwlrq duh suhvhqwhg dqg glvfxvvhg1
<1714 Vshfwuxp
Iljxuhv 94+d, dqg +e, glvsod| d iuhtxhqf| uhvroyhg qhdu0hog ri wkh rxwsxw idfhw
ri wkh odvhu glrgh duud| zkhq lw uxqv iuhho| dqg zkhq wkh IVSFI lv dssolhg/
uhvshfwlyho|/ iru d gulyh fxuuhqw ri 5lwk1 Wkh qhdu0hogv duh rewdlqhg e| lpdjlqj
wkh qhdu0hog ri wkh duud| +xvlqj wkh uh hfwlrq iurp wkh ehdpvsolwwhu, rqwr wkh
lqsxw volw ri d vshfwuxp dqdo|}hu1 Wkh rxwsxw volw ri wkh vshfwuxp dqdo|}hu lv
uhsodfhg zlwk d wzr0glphqvlrqdo skrwrghwhfwru duud|1 Wkh h{shulphqwdo vhwxs lv
vlplodu wr wkh rqh suhvhqwhg lq Uhi1 ^66`1 Zlwk wkh vhwxs doo orqjlwxglqdo dqg
vsdwldo prghv ri wkh odvhu duud| fdq eh uhvroyhg1 Lq Iljxuh 94+d, yh foxvwhuv ri
duud| prghv duh lghqwlhg +yh orqjlwxglqdo prghv,1 Vrph ri wkh duud| prghv
gr qrw h{whqg ryhu wkh ixoo zlgwk ri wkh mxqfwlrq1 Zkhq wkh skdvh frqmxjdwru lv
wxuqhg rq/ wkh vshfwuxp ri wkh rxwsxw qduurzv grzq wr d vlqjoh duud| prgh1 Wkh
edqgzlgwk lv phdvxuhg wr eh ohvv wkdq 3135 qp +uhvroxwlrq olplwhg,1 Wkh uljkw0
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kdqg vlgh ri wkh qhdu0hog lq Ilj1 94+e, lv euljkwhu wkdq wkh ohiw0kdqg vlgh gxh wr
wkh qrqv|pphwulf udgldwlrq sdwwhuq wkdw hphujhv zlwk wklv vhoi0lqmhfwlrq orfnlqj
vfkhph +frpsduh zlwk Ilj1 57+e, rq sdjh 8<,1 Iru d gulyh fxuuhqw ri 6lwk wkh
vshfwuxp eurdghqv voljkwo| dqg d ihz dgmdfhqw duud| prghv vwduw wr rvfloodwh +dv
zdv dovr revhuyhg lq Ilj1 8<+f,, Wkh edqgzlgwk lv phdvxuhg wr eh izkp @ 314
qp1
Iljxuh 941 Vshfwudoo| uhvroyhg qhdu0hog ri odvhu glrgh duud| h{srvhg wr r0d{lv
skdvh frqmxjdwh ihhgedfn1 Vshfwudo +hwdorq L, dqg vsdwldo owhulqj lv dssolhg lq wkh
h{whuqdo fdylw|1 Wkh gulyh fxuuhqw lv 5lwk1 +d, Sduw ri vshfwuxp zkhq odvhu duud|
uxqv iuhho|1 Ilyh foxvwhuv ri duud| prghv +yh orqjlwxglqdo prghv, duh lqghqwlhg1
+e, Wkh ihhgedfn fdxvhv wkh vshfwuxp wr qduurz grzq wr rqh vlqjoh duud| prgh
+vlqjoh0prgh rshudwlrq,1 Wkh edqgzlgwk +IZKP, lv ohvv wkdq 3135 qp1
Li wkh hwdorq zlwk orz qhvvh +hwdorq LL, lv xvhg zlwk wkh r0d{lv frqjxudwlrq/
vlqjoh0prgh rshudwlrq lv vwloo rewdlqhg dw 5lwk1 Wklv lv gxh wr wkh idfw wkdw iru
hwdorq LL rqo| rqh orqjlwxglqdo prgh +d foxvwhu ri duud| prghv, fdq eh vhohfwhg1
Wkh vsdwldo owhulqj wkhq vhohfwv rqh duud| prgh iurp wklv foxvwhu dqg/ dv d uhvxow/
vlqjoh0prgh rshudwlrq fdq eh rewdlqhg1
<1715 Frkhuhqfh Ohqjwk
Wkh frkhuhqfh ohqjwk lv phdvxuhg e| gluhfwlqj wkh rxwsxw ehdp wrzdugv d vwdq0
gdug Plfkhovrq lqwhuihurphwhu wkdw frqvlvwv ri wzr pluuruv +rqh prxqwhg rq d
wudqvodwlrq vwdjh, dqg d ehdpvsolwwhu1 Wkh uhihuhqfh dup kdv d {hg ohqjwk ri
5443 pp1 Wkh ylvlelolw| ri dssur{lpdwho| yh iulqjhv ri wkh lqwhuihuhqfh sdwwhuq
lv uhfrughg e| d 58 pp zlgh skrwr duud| zlwk 537; sl{hov1 Iljxuh 95 glvsod|v wkh
frkhuhqfh ghjuhh yhuvxv wkh sdwk glhuhqfh ri wkh wzr dupv lq wkh lqwhuihurphwhu
iru glhuhqw gulyh fxuuhqwv dqg zkhq wkh IVSFI lv qrw dssolhg1 Wkh frkhuhqfh gh0
juhh lv wdnhq lq wkh irup  @ ++Lpd{Lplq,@+Lpd{.Lplq,,++L4.L5,@+5
s
L4  L5,,/
zkhuh Lpd{ dqg Lplq duh wkh pd{lpxp dqg wkh plqlpxp lqwhqvlw| lq wkh lqwhuihu0
hqfh sdwwhuq> L4 dqg L5 duh wkh lqwhqvlw| jhqhudwhg dw wkh ghwhfwru zlwk wkh pluuru
lq dupv 5 dqg 4 fryhuhg/ uhvshfwlyho|1 E| frpsdulqj wkh sdwk glhuhqfh iru wkh
fdvh zkhuh wkh duud| uxqv iuhho| dqg wkh fdvh zkhuh wkh IVSFI lv dssolhg/ lw lv
revhuyhg wkdw wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri :31 Dw d gulyh fxu0
uhqw ri 6lwk wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri 731 Dv fdq eh vhhq lq
wkh jxuh/ wkh IVSFI lqfuhdvhv wkh frkhuhqfh ohqjwk wr dw ohdvw 58 pp1 Krzhyhu/
li wkh frkhuhqfh ohqjwk lv ghqhg dv= O
f
@ 5@izkp dqg  lv wkh odvlqj zdyh0
ohqjwk/ wkh frkhuhqfh ohqjwk lv fdofxodwhg wr eh Of @ 4 pp zkhq wkh odvhu glrgh
duud| uxqv iuhho| dw d gulyh fxuuhqw ri 5lwk +wkh edqgzlgwk lv  31: qp zkhq wkh
duud| uxqv iuhho|,> wkh skdvh frqmxjdwh ihhgedfn lqfuhdvhv wkh frkhuhqfh ohqjwk wr
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:3 pp1 Dw d gulyh fxuuhqw ri 6lwk wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri
73 wr 55 pp1
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Iljxuh 951 Wkh frkhuhqfh ghjuhh yhuvxv wkh sdwk glhuhqfh ri wkh dupv lq d vwdq0
gdug Plfkhovrq lqwhuihurphwhu1
<18 Vwdelolw| dqg Qrlvh Surshuwlhv
Rqfh wkh SFP lv wxuqhg rq dqg vlqjoh0prgh rshudwlrq lv rewdlqhg/ wkh rxwsxw
ehfrphv yhu| vwdeoh zlwk uhvshfw wr zdyhohqjwk dqg srzhu1 Wkh nh| frpsrqhqw
lq wklv qhz ihhgedfn v|vwhp lv wkh hwdorq1 Lw vljqlfdqwo| lqfuhdvhv wkh vwdelolw|
ri wkh fhqwhu zdyhohqjwk dqg wkh rxwsxw srzhu1 Wkh rxwsxw fkdudfwhulvwlfv duh
doprvw xqdhfwhg e| hyhq yhu| vwurqj phfkdqlfdo yleudwlrqv wkdw dhfw wkh rswlfdo
frpsrqhqwv lq wkh vhwxs +vxfk dv wdslqj rq wkh frpsrqhqwv,1
<1814 Vwdelolw| ri Fhqwhu Zdyhohqjwk
Wkh vwdelolw| ri wkh fhqwhu zdyhohqjwk zdv phdvxuhg zlwk d vshfwuxp dqdo|}hu
zlwk d uhvroxwlrq ri 3135 qp1 Wkh fhqwhu zdyhohqjwk zdv ghwhuplqhg e| wwlqj d
Jdxvvldq hqyhorsh wr wkh uhvsrqvh ri wkh dqdo|}hu1 Iljxuh 96+d, vkrzv wkh uhodwlyh
fhqwhu zdyhohqjwk dv d ixqfwlrq ri wlph1 Wkh vshfwuxp lv d vlqjoh duud| prgh/
dqg wkh yduldwlrq ri wkh fhqwhu zdyhohqjwk lv yhu| vpdoo1 Ryhu d shulrg ri vl{
krxuv ri rshudwlrq wkh fhqwhu zdyhohqjwk zdv 3 @ ;461<; 	 31335 qp +vwdqgdug
ghyldwlrq,1 Wklv yduldwlrq lv rqh rughu ri pdjqlwxgh ohvv wkdq wkh uhvroxwlrq ri wkh
dqdo|}hu1 Wkhuhiruh/ zh fdq frqfoxgh wkdw wkh zdyhohqjwk vwdelolw| lv ohvv wkdq 	
3134 qp1
<1815 Vwdelolw| ri Rxwsxw Srzhu
Wkh srzhu frqwdlqhg lq wkh rxwsxw ehdp zdv dovr phdvxuhg ryhu d shulrg ri
vl{ krxuv ri frqwlqxrxv rshudwlrq1 Iljxuh 96+e, glvsod|v wkh rxwsxw srzhu dv d
ixqfwlrq ri wlph1 Gxulqj vl{ krxuv ri rshudwlrq wkh phdvxuhg srzhu zdv 44516: 	
4159 pZ +vwdqgdug ghyldwlrq,1 Wkh phdvxuhg vwdqgdug ghyldwlrq ri wkh ghwhfwhg
srzhu fruuhvsrqgv wr ohvv wkdq 4145(1
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Iljxuh 961 R0d{lv iuhtxhqf| vhohfwlyh ihhgedfn +hwdorq frqjxudwlrq, lv dssolhg wr
wkh duud| dw d gulyh fxuuhqw ri 5lwk1 +d, Uhodwlyh fhqwhu zdyhohqjwk ri vlqjoh prgh
vshfwuxp yhuvxv wlph1 +e, Srzhu lq rxwsxw ehdp yhuvxv wlph1
<1816 Lqwhqvlw| Qrlvh ri Rxwsxw
Lq rughu wr fkdudfwhul}h wkh lqwhqvlw| qrlvh/ wkh rxwsxw ehdp lv gluhfwhg wr d idvw
vlolfrq ghwhfwru zlwk d edqgzlgwk ri 4 JK}1 Wkh phdvxuhg hohfwulfdo vshfwud duh
vkrzq lq Ilj1 971 Erwk wkh vshfwud fruuhvsrqglqj wr wkh fdvh zkhuh wkh odvhu
duud| uxqv iuhho| +orzhu fxuyh,/ dqg zkhuh lw lv h{srvhg wr wkh IVSFI +xsshu
fxuyh, duh vkrzq1 Wkh srzhu lqflghqw rq wkh ghwhfwru lv dgmxvwhg vr wkdw wkh
GF rxwsxw lv wkh vdph iru wkh wzr phdvxuhphqwv1 Lw lv fohduo| vhhq wkdw wkh
ihhgedfn ohdgv wr dq lqfuhdvh lq wkh lqwhqvlw| qrlvh1 Pruhryhu/ vhyhudo fkdudfwhulvwlf
shdnv duh lghqwlhg lq wkh vshfwuxp1 Wkh shdnv duh vsdfhg dw 57< PK}1 Wkh|
ruljlqdwh iurp wkh ehdwlqj ehwzhhq glhuhqw h{whuqdo fdylw| prghv lq wkh rswlfdo
wr hohfwulfdo ghwhfwlrq surfhvv1 Wkh h{lvwhqfh ri wkh shdnv hvwdeolvkhv wkdw h{whuqdo
fdylw| prghv duh rvfloodwlqj lq wkh h{whuqdo fdylw| hyhq lq wkh r0d{lv frqjxudwlrq1
Wklv idfw yhulhv wkdw wkh skdvh frqmxjdwh pluuru dqg wkh duud| duh lqghhg frxsohg
zlwk hdfk rwkhu1 Krzhyhu/ wkh vwuhqjwk ri wkh frxsolqj pd| eh vpdoohu wkdq iru
wkh rq0d{lv frqjxudwlrq/ dv glvfxvvhg lq Vhf1 816141 Iljxuh 97 vkrxog eh frpsduhg
zlwk wkh hohfwulfdo vshfwuxp iru wkh rq0d{lv frqjxudwlrq vkrzq lq Ilj1 8;1 Iru wkh
r0d{lv frqjxudwlrq wkh qrlvh lq wkh iuhtxhqf| udqjh 30418 JK} lv dssur{lpdwho|
43 gE odujhu wkdq zkhq wkh odvhu duud| uxqv iuhho|1 Iru wkh rq0d{lv frqjxudwlrq/
rq wkh rwkhu kdqg/ wkh ihhgedfn lqgxfhg qrlvh lv odujhu lq wkh kljkhu iuhtxhqf|
udqjh wkdq iru wkh orzhu iuhtxhqf| udqjh1
<19 Vxppdu| ri Uhvxowv
Zlwk d skdvh frqmxjdwh pluuru dqg dq hwdorq/ d qryho whfkqltxh +r0d{lv frqj0
xudwlrq, wr hqkdqfh wkh vsdwldo dqg wkh whpsrudo frkhuhqfh ri odvhu glrgh duud|v
kdv ehhq vxffhvvixoo| ghprqvwudwhg1 Iru d gulyh fxuuhqw ri 5lwk vlqjoh0prgh rs0
hudwlrq lv dfklhyhg1 Wkh vshfwudo edqgzlgwk lv ohvv wkdq 3135 qp/ wkh frkhuhqfh
ohqjwk lv lqfuhdvhg e| d idfwru ri :3 wr dw ohdvw 58 pp dqg wkh idu0hog lv 417
wlphv wkh gludfwlrq olplw1 Hyhq dw pd{lpxp gulyh fxuuhqw wkh idu0hog lv rqo|
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Iljxuh 971 Hohfwulfdo vshfwuxp iru ghwhfwhg rxwsxw iurp odvhu glrgh duud| lq wkh
r0d{lv frqjxudwlrq1 Wkh vshfwud fruuhvsrqglqj wr erwk wkh iuhho| uxqqlqj duud|
+orzhu fxuyh, dqg wr wkh fdvh zkhq wkh IVSFI lv dssolhg +xsshu fxuyh, duh vkrzq1
Wkh h{whuqdo fdylw| lv Oh{w @ 3188 p1 Wkh gulyh fxuuhqw lv 5lwk1 Wkh wzr fxuyhv
kdyh wkh vdph GF ydoxh1
41: wlphv wkh gludfwlrq olplw/ dqg wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru
ri 731 Lq vlqjoh0prgh rshudwlrq pruh wkdq 83( ri wkh udgldwhg hqhuj| iurp wkh
duud| lv h{wudfwhg lq wkh h{shulphqwdo vhwxs> krzhyhu/ d pxfk odujhu iudfwlrq fdq
eh h{wudfwhg zlwk dq rswlpl}hg vhwxs1
Wkh h{lvwhqfh ri h{whuqdo fdylw| prghv kdv ehhq hvwdeolvkhg iru erwk wkh rq0
d{lv dqg wkh r0d{lv frqjxudwlrqv1 Dv glvfxvvhg lq Vhf1 817/ wkh whup vlqjoh0prgh
rshudwlrq wkhuhiruh uhihuv wr wkh prghv lq wkh iuhho| uxqqlqj odvhu glrgh duud|1
Rqfh wkh SFP kdv ehhq wxuqhg rq dqg vlqjoh0prgh rshudwlrq kdv ehhq re0
wdlqhg/ wkh rxwsxw ehfrphv yhu| vwdeoh zlwk uhvshfw wr zdyhohqjwk dqg srzhu1
Wkh phdvxuhg vwdqgdug ghyldwlrqv ri wkh ghwhfwhg srzhu dqg wkh fhqwhu zdyh0
ohqjwk duh 4145( dqg 3134 qp +uhvroxwlrq olplwhg,/ uhvshfwlyho|/ gxulqj vl{ krxuv
ri frqwlqxrxv rshudwlrq dw d gulyh fxuuhqw ri wzr wlphv wkh wkuhvkrog fxuuhqw1
<1: Skdvh0Frqmxjdwh Yhuvxv Frqyhqwlrqdo Ihhg0
edfn
Wkh iuhtxhqf| vhohfwlyh skdvh0frqmxjdwh ihhgedfn vfkhph/ zklfk kdv ehhq suh0
vhqwhg lq wklv fkdswhu/ lpsuryhv wkh frkhuhqfh ohqjwk ri wkh odvhu glrgh duud|
vljqlfdqwo| lq frpsdulvrq zlwk wkh prghvw lpsuryhphqw rewdlqhg xvlqj r0d{lv
vhoi0lqmhfwlrq zlwk frqyhqwlrqdo ihhgedfn +Vhf1 818,1 Wkh frqyhqwlrqdo ihhgedfn
vfkhph/ krzhyhu/ lv dovr fdsdeoh ri iruflqj wkh odvhu duud| wr hplw dq doprvw gli0
iudfwlrq olplwhg vsdwldo udgldwlrq sdwwhuq1 Wkh skdvh0frqmxjdwh ihhgedfn lv wkhuh0
iruh rqo| vxshulru wr wkh frqyhqwlrqdo ihhgedfn lq wkh fdvh zkhuh d oljkw vrxufh
zlwk d orqj frkhuhqfh ohqjwk lv qhhghg1 Wkhuhiruh/ li rqo| d gludfwlrq olplwhg
vrxufh lv qhhghg/ frqyhqwlrqdo ihhgedfn pd| eh dssolhg lqvwhdg ri skdvh frqmx0
jdwh ihhgedfn1 Wkh frqyhqwlrqdo ihhgedfn vfkhph/ krzhyhu/ pd| rqo| eh dssolhg
wr eurdg0duhd odvhuv dqg odvhu glrgh duud|v/ dqg lv qrw dssursuldwh iru odvhu glrgh
eduv1 Frqyhqwlrqdo ihhgedfn pd|/ frqvhtxhqwo|/ rqo| eh xvhg zlwk odvhu ghylfhv
zlwk olplwhg rxwsxw srzhu +? 7 zdwwv,/ zkhuhdv skdvh0frqmxjdwh ihhgedfn fdq eh
xvhg wr lqfuhdvh wkh frkhuhqfh ohqjwk ri odvhu glrgh eduv zlwk rxwsxw srzhu ri xs
wr whqv ri zdwwv1
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43 Skdvh Frqmxjdwh Vhoi0Lqmhfwlrq
Orfnlqj Xvlqj d Judwlqj
Lq wklv fkdswhu zh ghprqvwudwh krz d odvhu glrgh duud| fdq eh irufhg wr rvfloodwh
lq d vlqjoh vsdwldo dqg orqjlwxglqdo prgh vlpxowdqhrxvo| +vlqjoh0prgh rshudwlrq,1
Wkh odvhu glrgh duud| lv gulyhq zlwk d gulyh fxuuhqw idu deryh wkuhvkrog dqg wkh
zdyhohqjwk lv zlgho| wxqdeoh1
Vlqjoh orqjlwxglqdo prgh rshudwlrq ri d JdDoDv odvhu glrgh duud| rshudwhg
zlwk d gulyh fxuuhqw ehorz wkuhvkrog kdv ehhq ghprqvwudwhg e| frxsolqj lw wr
dq h{whuqdo fdylw| iruphg e| d gludfwlrq judwlqj dqg d skrwruhiudfwlyh skdvh
frqmxjdwh pluuru1^46` Wklv v|vwhp kdv suryhq wr eh zlgho| wxqdeoh zlwk uhvshfw wr
wkh iuhtxhqf| gxh wr wkh suhvhqfh ri wkh gludfwlyh judwlqj1 Krzhyhu/ dv glvfxvvhg
lq Fkdswhu 9/ li rshudwhg idu deryh wkuhvkrog wklv v|vwhp ri frxsohg uhvrqdwruv
lv lq jhqhudo qrq vwdeoh gxh wr qrqolqhdu surfhvvhv lq wkh skrwruhiudfwlyh skdvh
frqmxjdwh pluuru +SFP, dqg vhoi0lqgxfhg iuhtxhqf| vfdqqlqj fdq wdnh sodfh1 Lq
rughu wr kdyh d vwdeoh v|vwhp rqo| rqh kdoi ri wkh idu0hog pxvw eh uhwuruh hfwhg
edfn lqwr wkh odvhu duud| vr wkdw lw ehkdyhv olnh dq lqmhfwlrq orfnhg dpsolhu +r0
d{lv frqjxudwlrq,1
Lq rxu r0d{lv frqjxudwlrq/ zh kdyh lqfoxghg d vsdwldo owhu lq wkh h{whuqdo
fdylw| wkdw doorzv rqo| d olplwhg qxpehu ri vsdwldo prghv wr lqwhudfw zlwk wkh
dgdswlyh SFP1 Ehiruh wkh rxwsxw ehdp iurp wkh duud| uhdfkhv wkh SFP/ lw lv
gludfwhg lq d judwlqj1 Wkh dqjxodu glvshuvlrq ri wkh judwlqj pdnhv wkh ihhgedfn
v|vwhp pxfk pruh iuhtxhqf| vhohfwlyh1 Wkh SFP dqg wkh judwlqj irup wkh iuh0
txhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn +IVSFI, v|vwhp dqg irufhv wkh odvhu
duud| wr rvfloodwh lq rqh vlqjoh orqjlwxglqdo prgh1 Wkh lqwhudfwlrq dprqj wkh duud|/
wkh g|qdplf judwlqjv ri wkh dgdswlyh SFP/ wkh vsdwldo owhu/ dqg wkh gludfwlyh
judwlqj hqdeohv d skdvh orfnlqj ri wkh odvhu duud| dqg fdxvhv doo wkh udgldwhg hq0
huj| wr eh wudqvihuuhg lqwr rqo| rqh vlqjoh prgh1 Wkh frkhuhqfh ohqjwk ri wkh
skdvh orfnhg rxwsxw lv suryhq wr eh lqfuhdvhg vljqlfdqwo|1 Wklv whfkqltxh doorzv
d odujh iudfwlrq ri wkh udgldwhg hqhuj| wr eh h{wudfwhg iurp wkh odvhu v|vwhp zlwk
d vlqjoh0oreh idu0hog sdwwhuq wkdw lv forvh wr gludfwlrq olplwhg1 Wkh fhqwhu iuh0
txhqf| ri wkh rxwsxw ri wkh duud| fdq eh wxqhg pruh wkdq 8 qp e| wlowlqj wkh
judwlqj1
4314 H{shulphqwdo Vhwxs
Wkh h{shulphqwdo vhwxs lv vkrzq lq Ilj1 981 Lw lv doprvw vlplodu wr wkh vhwxs zlwk
wkh hwdorq lq wkh h{whuqdo fdylw| +Fkdswhu <,1 Lq wkh judwlqj frqjxudwlrq/ krzhyhu/
wkh iuhtxhqf| vhohfwlyh hohphqw lv d gludfwlrq judwlqj lqvwhdg ri dq hwdorq1 Wkh
odvhu glrgh duud| lv duud| L +vhh Dsshqgl{ D,1
Wkh rxwsxw ehdp ri wkh odvhu duud| lv froolpdwhg zlwk d ohqv +O4,/ dqg d vhfrqg
ohqv +O5, jhqhudwhv d svhxgr idu0hog dw d glvwdqfh ri 733 pp iurp wkh duud|1 Wkh
froolpdwhg oljkw lv irfxvhg zlwk d ohqv +O6, wkdw jhqhudwhv d 5 pp vsrw dw wkh idfh
ri wkh SFP pdgh xs ri d 30fxw ukrglxp grshg +;33 ssp, EdWlR6 fu|vwdo +Eoxh
LLL, lq zklfk d skdvh frqmxjdwlrq surfhvv wdnhv sodfh dqg uhwxuqv wkh skdvh frq0
mxjdwh zdyhiurqw wrzdugv wkh duud|1 Wkh fu|vwdo lv fxw dorqj lwv fu|vwdoorjudsklf
d{hv dqg phdvxuhv 814481868166 pp6 +d0d0f0d{lv,1 Wkh fu|vwdo lv duudqjhg
lq d vhoi0sxpshg Fdw frqjxudwlrq zlwk dq dqjoh ri lqflghqfh ri 931 Wkh kljk
frkhuhqfh d{lv lv lq wkh d0f sodqh ri wkh fu|vwdo lq rughu wr rewdlq wkh kljkhvw skr0
wruhiudfwlyh uhvsrqvh/ dv h{sodlqhg lq Vhf1 7191 D 5 zhgjh lv xvhg dv ehdpvsolwwhu1
Wkh wzr uh hfwlrqv duh xvhg iru ehdp gldjqrvwlfv= rqh iru prqlwrulqj wkh svhxgr
idu0hog jhqhudwhg zlwk d ohqv> wkh vhfrqg uh hfwlrq lv gluhfwhg wr d vshfwurphwhu
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Iljxuh 981 H{shulphqwdo vhwxs1 D jdlq0jxlghg JdDoDv odvhu glrgh duud| frxsohg
wr d skdvh frqmxjdwh pluuru1 O4= froolpdwlqj ohqv/ QD1 @ 3188/ i4 @ 718 pp/ O5=
Sodqr0frqyh{ f|olqgulfdo ohqv i5 @ 93 pp/ O6= vskhulfdo vlqjohw ohqv i6 @ 433 pp/
EV= ehdpvsolwwhu +5 zhgjh,/ ZS= kdoi0zdyh sodwh +}hur0rughu, dw ;48 qp/ Judwlqj=
4533 o2pp uxohg judwlqj zlwk Eod}h dqjoh ri 5917 ghj1 +:83 qp,/ VI= vsdwldo owhu
+wzr ud}ru eodghv prxqwhg rq wudqvodwlrq vwdjhv,1 S= lqglfdwlrq ri srodul}dwlrq
+H0hog,1 Wkh frpsrqhqwv lq wkh grwwhg er{ vkdoo eh urwdwhg <3 ghjuhhv durxqg wkh
}0d{lv ri wkh duud|1
zlwk d uhvroxwlrq ri 3135 qp1 D frxsolqj orvv ri dssur{lpdwho| 53( rffxuv ehwzhhq
wkh duud| dqg wkh froolpdwlqj ohqv +O4,/ dqg dgglwlrqdoo| 43( lv orvw dw wkh ehdp0
vsolwwhu/ wkh zdyh sodwh/ dqg wkh ohqvhv1 Wkh h{whuqdo fdylw| kdv d ohqjwk ri 5  <<8
pp1 Dv phqwlrqhg suhylrxvo|/ wkh qdwxuh ri wkh skdvh frqmxjdwh ihhgedfn phfkd0
qlvp ri wkh EdWlR6 fu|vwdo fdq fdxvh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj ri wkh duud|1
Wr dyrlg wklv vfdqqlqj dqg wr rewdlq d pxfk pruh vwdeoh frqjxudwlrq rqo| rqh ri
wkh wzr idu0hog orehv lv gluhfwhg wr wkh SFP> d pluuru lv sodfhg dw wkh srvlwlrq ri
wkh jhqhudwhg svhxgr idu0hog wr slfn rxw rqh kdoi ri wkh udgldwhg idu0hog sdwwhuq1
Wkh ehdp uh hfwhg r wklv pluuru lv wkh rxwsxw ehdp ri wkh v|vwhp1 Wkh oreh wkdw
lv gluhfwhg wr wkh SFP lv gludfwhg lq d 4533 olqhv2pp uxohg judwlqj ehiruh lw
hqwhuv wkh EdWlR6 fu|vwdo1 Wkh dqjxodu rulhqwdwlrq ri wkh judwlqj lv frqwuroohg e|
d slh}rhohphqw1 Dv glvfxvvhg lq Fkdswhu 9/ wklv judwlqj dggv dqjxodu glvshuvlrq
wr wkh v|vwhp dqg kdv d vwurqj lq xhqfh rq wkh g|qdplf ehkdylru dqg wkh rswlfdo
edqgzlgwk ri d pxowlprgh odvhu glrgh duud| zkhq frxsohg wr d vhoi0sxpshg SFP1
Wkh lqwhudfwlrq ehwzhhq wkh dqjxodu glvshuvlrq ri wkh judwlqj dqg wkh g|qdplf
judwlqjv iruphg lq wkh EdWlR6 fu|vwdo pdnhv wkh h{whuqdo ihhgedfn v|vwhp pxfk
pruh iuhtxhqf| vhohfwlyh1 Wkh glhuhqw duud| prghv duh glvfulplqdwhg e| d vsdwldo
owhu sodfhg lq wkh sodqh ri wkh jhqhudwhg svhxgr idu0hog1 Wkh vsdwldo owhu +VI,
lv iruphg e| wzr ud}ru eodghv prxqwhg rq wudqvodwlrq vwdjhv dqg e| dgmxvwlqj wkh
srvlwlrq ri wkhp wkh qxpehu ri vsdwldo prghv wkdw fdq lqwhudfw zlwk wkh SFP fdq
eh frqwuroohg1
4315 Vsdwldo Fkdudfwhulvwlfv
Zkhq wkh fu|vwdo lv looxplqdwhg/ wkh uh hfwlylw| ri wkh SFP lv exlow xs dqg uhvxowv
lq d vljqlfdqw qduurzlqj ri wkh vshfwuxp1 Wkh idu0hog fkdqjhv iurp d eurdg
udgldwlrq sdwwhuq wr wkh zhoo0nqrzq sdwwhuq zlwk wzr orehv1 Dv wlph hodsvhv/ wkh
skdvh frqmxjdwh uh hfwlylw| lqfuhdvhv ixuwkhu dqg wkh lqwhqvlw| ri wkh rxwsxw oreh
jurzv dw wkh h{shqvh ri wkh lqwhqvlw| ri wkh oreh wkdw lv gluhfwhg wr wkh SFP1
Riwhq/ krzhyhu/ lw lv qhfhvvdu| wr rshq wkh vsdwldo owhu voljkwo| vr wkdw pruh hqhuj|
zloo uhdfk wkh SFP lq rughu wr vwduw wkh vhoi0sxpshg frqmxjdwru> diwhu w|slfdoo|
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whq vhfrqgv wkh glvwdqfh ehwzhhq wkh wzr ud}ru eodghv fdq wkhq eh glplqlvkhg
djdlq1 Wkh uh hfwlylw| ri wkh SFP lv qrupdoo| 43045( +qrw fruuhfwhg iru Iuhvqho
uh hfwlrqv, lq vwhdg| vwdwh1 Lq wklv frqjxudwlrq wkh skdvh frqmxjdwh ihhgedfn
riwhq irufhv wkh skdvh orfnhg vshfwuxp wr vkliw xs wr 4 qp wrzdugv d orqjhu
zdyhohqjwk zlwk uhvshfw wr 3 +fhqwhu zdyhohqjwk ri vshfwuxp zkhq lw uxqv iuhho|,
ehiruh lw uhdfkhv dq htxloleulxp zlwk vwdeoh rxwsxw1 Dw kljkhu gulyh fxuuhqwv wkh
vkliw fdq eh dv pxfk dv 5 qp1 Wklv vkliw lv d sduw ri wkh vhoi0lqgxfhg iuhtxhqf|
vfdqqlqj surfhvv +vhh Vhf1 4317 iru d glvfxvvlrq,1
Iljxuh 99+d, glvsod|v wkh idu0hog ri wkh duud| zkhq lw uxqv iuhho| dw d gulyh
fxuuhqw ri 5lwk1 Iljxuhv 99+e, dqg +f, vkrz wkh idu0hog ri wkh duud| zkhq wkh
IVSFI lv dssolhg dw gulyh fxuuhqwv ri 5lwk dqg 6lwk/ uhvshfwlyho|1 Wkh udgldwlrq
dqjoh lv phdvxuhg ehwzhhq wkh qrupdo ri wkh rxwsxw idfhw ri wkh duud| dqg wkh
udgldwlrq gluhfwlrq lq wkh sodqh ri wkh mxqfwlrq +{0d{lv,1 Lw lv wkh qhjdwlyh dqjoh
oreh wkdw lv gluhfwhg wr wkh SFP dqg wkhq ihg edfn wr wkh duud|1 Wkh shdnv ri wkh
rxwsxw oreh duh fhqwhuhg dw .5=3 dqg .5=4 iru 5lwk dqg 6lwk/ uhvshfwlyho|1 Wkh
prvw h!flhqw shuirupdqfh ri wkh v|vwhp lv dozd|v zlwk wkh rxwsxw oreh udgldwhg
dw 5  5=41 Wkh hgjhv ri wkh wzr ud}ru eodghv wkdw irup wkh vsdwldo owhu duh
srvlwlrqhg dw 041; dqg 0517 dqg doorz rqo| udgldwhg hqhuj| lq0ehwzhhq wkh ud}ru
eodghv wr uhdfk wkh SFP1 Zlwk wklv vhwwlqj rqo| rqh duud| prgh lv wudqvplwwhg
wkurxjk wkh owhu +vhh Ilj1 9,1 Wkh IZKP ri wkh rxwsxw oreh +srvlwlyh dqjoh, lv
31;7 +5lwk, fruuhvsrqglqj wr 418 wlphv wkh gludfwlrq olplw1 Dv fdq eh vhhq lq
Ilj1 99+f,/ wkh pdlq shdn lv vwloo qduurz dv wkh gulyh fxuuhqw lv lqfuhdvhg wr 6lwk>
krzhyhu/ dgglwlrqdo duud| prghv vwduw wr rvfloodwh dqg lqfuhdvh wkh edqgzlgwk1
Wkh wrwdo udgldwhg hqhuj| iurp wkh duud| lv lqfuhdvhg e| dssur{lpdwho| 6( zlwk
wkh IVSFI dssolhg dv frpsduhg zlwk wkh fdvh zkhuh wkh duud| uxqv iuhho|1 Zlwk
wkh frqjxudwlrq vkrzq lq Ilj1 98 d odujh iudfwlrq ri wkh udgldwhg hqhuj| pd|
eh frqwdlqhg lq wkh rxwsxw ehdp zklfk lv qhduo| gludfwlrq0olplwhg surylghg wkdw
frxsolqj orvvhv dqg wudqvplvvlrq orvv dw wkh ohqvhv/ hwf1 duh holplqdwhg1 Wkh srzhu
phdvxuhg lq wkh rxwsxw ehdp lv 443 pZ dqg 553 pZ iru gulyh fxuuhqwv ri 5lwk
dqg 6lwk/ uhvshfwlyho|1 Zkhq wkh duud| uxqv iuhho|/ wkh wrwdo srzhu mxvw diwhu wkh
f|olqgulfdo ohqv +O5, lv 483 pZ dqg 653 pZ iru 5lwk dqg 6lwk/ uhvshfwlyho|1 Dw
5lwk dqg 6lwk/ dqg zkhq wkh IVSFI lv dssolhg/ wkh wrwdo udgldwhg hqhuj| iurp
wkh duud| +lq iurqw ri O4, lv 555 pZ dqg 798 pZ/ uhvshfwlyho|1 Wklv phdqv wkdw
:3( ri wkh dydlodeoh hqhuj| diwhu wkh ohqv O5 lv frqwdlqhg lq wkh rxwsxw ehdp/ dqg
wkdw 83( ri wkh wrwdo udgldwhg hqhuj| +phdvxuhg lq iurqw ri ohqv O4, lv frqwdlqhg
lq wkh rxwsxw ehdp1 Krzhyhu/ vlplodu wr wkh glvfxvvlrq lq Vhf1 <16/ lw lv hvwlpdwhg
wkdw ;3( ri wkh udgldwhg hqhuj| fdq eh frqwdlqhg lq wkh rxwsxw ehdp surylghg
orvvhv dw ohqvhv/ hwf1 duh holplqdwhg1
Wkh dprxqw ri skdvh frqmxjdwh ihhgedfn phdvxuhg dw wkh ehdpvsolwwhu lv w|s0
lfdoo| 317 wr 31: ( +kljkhvw dw orzhu gulyh fxuuhqw,1 Wkh dprxqw ri srzhu wkdw lv
ihg edfn lqwr wkh duud| lv hvwlpdwhg wr eh 3180417 pZ +kljkhvw dw orzhu fxuuhqw,1
Wklv fruuhvsrqgv wr dq h{whuqdo uh hfwlylw| Uh{w @ 3140319(1 Xvlqj Ht1 5: dqg
Urxw @ 3137 wkh ihhgedfn frh!flhqw fdq eh ghwhuplqhg wr d pd{lpxp ri x @
31471 Xvlqj Ht1 5< |lhogv F * 4:3 +x @ 3147/ 
f
@ 5/ Oh{w @ 883 pp/ O @ 31;
pp,1 Wklv phdqv wkdw wkh ihhgedfn lv vwurqj hqrxjk wr jhqhudwh h{whuqdo fdylw|
prghv1
4316 Vshfwudo Fkdudfwhulvwlfv
Iljxuh 9: vkrzv wkh rswlfdo vshfwud ri wkh rxwsxw ehdp ri wkh duud| xqghu glhuhqw
frqglwlrqv1 Iljxuh 9:+d, glvsod|v wkh vshfwuxp zkhq wkh duud| uxqv iuhho|1 Dw
d gulyh fxuuhqw ri 5lwk vhyhudo orqjlwxglqdo prghv duh suhvhqw dqg wkh IZKP
edqgzlgwk lv 31: qp1 Iljxuhv 9:+e0h, vkrz wkh vshfwud ri wkh rxwsxw ehdp dw wkh
vdph gulyh fxuuhqw zkhq wkh IVSFI lv dssolhg/ exw iru glhuhqw wlowv ri wkh judwlqj1
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Iljxuh 991 Phdvxuhg idu0hog iurp duud| frxsohg wr d judwlqj dqg d SFP +phd0
vxuhg lq wkh sodqh ri wkh mxqfwlrq 0 doo fxuyhv rq wkh vdph vfdoh,= +d, Wkh duud|
uxqv iuhho| dw d gulyh fxuuhqw ri 5lwk> +e, IVSFI dssolhg dw 5lwk> +f, Vdph dv +e,
exw gulyh fxuuhqw lv 6lwk1
Rqfh wkh SFP lv exlow xs dqg wkh skdvh orfnlqj lv hvwdeolvkhg/ wkh iuhtxhqf| fdq
eh wxqhg e| wlowlqj wkh judwlqj1 Ehwzhhq wkh uhfruglqjv ri Iljxuhv 9:+e, dqg 9:+h,
wkh judwlqj kdv ehhq wlowhg 3176/ zklfk jlyhv d vhqvlwlylw| ri wkh wxqdelolw| ri 45
qp2ghjuhh1 D fkdqjh lq wkh wlow ri wkh judwlqj ohdgv wr d fkdqjh lq wkh dqjoh ri
lqflghqfh dw wkh dlu fu|vwdo lqwhuidfh/ dqg dovr wr d fkdqjh ri wkh srvlwlrq dw wkh
fu|vwdo vxuidfh dw zklfk wkh ehdp zloo hqwhu1 Li wkh judwlqj lv wlowhg/ wkh duud|
zloo rswlpl}h wkh rvfloodwlqj iuhtxhqf| iru wkh ehvw Eudjj pdwfk wr wkh h{lvwlqj
judwlqjv lq wkh fu|vwdo dqg/ wkhuhe|/ djdlq rewdlq kljk uh hfwlylw| iurp wkh SFP1
E| wlowlqj wkh judwlqj/ wkh iuhtxhqf| lv wxqhg e| glvfuhwh vwhsv fruuhvsrqglqj wr
d orqjlwxglqdo prgh vsdflqj ri wkh duud| +3144 qp,> krzhyhu/ wzr orqjlwxglqdo
prghv fdq rvfloodwh vlpxowdqhrxvo| vlqfh wkh hqhuj| iurp rqh orqjlwxglqdo prgh
lv vorzo| wudqvihuuhg wr wkh qh{w prgh dv wkh judwlqj lv wlowhg1 Zkhq wkh wlowlqj
ri wkh judwlqj vwrsv/ wkh dgdswlyh SFP zloo dgmxvw dqg rswlpl}h iru wkh kljkhvw
uh hfwlylw| dqg zlwklq vhfrqgv vlqjoh0prgh rshudwlrq zloo djdlq eh rewdlqhg1 Iru d
{hg judwlqj srvlwlrq wkh iuhtxhqf| fdq eh wxqhg frqwlqxrxvo| ryhu d udqjh ri 314
qp fruuhvsrqglqj wr rqh orqjlwxglqdo prgh vsdflqj e| fkdqjlqj wkh whpshudwxuh
ri wkh mxqfwlrq ri wkh duud| ohvv wkdq 4F1 E| dgmxvwlqj wkh judwlqj dqg wkh
whpshudwxuh ri wkh mxqfwlrq dq| zdyhohqjwk zlwklq d 8 qp udqjh fdq eh dfklhyhg1
Wkh jdlq edqgzlgwk ri wkh JdDoDv duud| lv kxjh/ vr wkh olplwhg zdyhohqjwk udqjh
pd| eh h{sodlqhg dv iroorzv= wkh duud| dqg wkh SFP duh rqo| zhdno| frxsohg/ dqg
wkh SFP fdqqrw vxssuhvv wkh rvfloodwlrq ri wkh qdwxudo prghv ri wkh duud| fdylw|
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li wkh vshfwuxp lv irufhg wrr idu dzd| e| wlowlqj wkh judwlqj1 Wkh wxqlqj udqjh ri
8 qp lv vlplodu wr wkh revhuyhg udqjh iru wkh r0d{lv vhoi0lqmhfwlrq orfnlqj vfkhph
zkhuh frqyhqwlrqdo ihhgedfn iurp d gludfwlrq judwlqj lv xvhg +Vhf1 81815,1 Wklv
grhv lqghhg vxjjhvw wkdw wkh olplwhg wxqlqj udqjh kdv wr gr zlwk wkh lqmhfwlrq
orfnlqj surfhvv dqg qrw wkh surshuwlhv ri wkh skdvh frqmxjdwru1
Iru d {hg judwlqj wlow dqg iru d gulyh fxuuhqw ri 5lwk wkh IZKP edqgzlgwk
ri wkh vlqjoh0prgh vshfwuxp lv phdvxuhg wr eh ohvv wkdq 3136 qp1 E| uhfruglqj
wkh iuhtxhqf| uhvroyhg qhdu0hog sdwwhuq zlwk d vhwxs vlplodu wr wkh rqh lq Uhi1
^66`/ lw lv yhulhg wkdw wkh duud| rqo| rshudwhv rq rqh duud| prgh1 Wklv yhulhv
wuxh vlqjoh0prgh rshudwlrq1 Dv wkh gulyh fxuuhqw lv lqfuhdvhg wr 6lwk/ krzhyhu/
dgglwlrqdo duud| prghv vwduw wr rvfloodwh dqg lqfuhdvh wkh edqgzlgwk wr 314 qp1
(a)




















Iljxuh 9:1 Odvhu glrgh duud| frxsohg zlwk d judwlqj dqg d SFP1 Rswlfdo vshfwuxp
dw d gulyh fxuuhqw ri 5lwk= +d, Wkh duud| uxqv iuhho|> +e, Wkh IVSFI lv dssolhg1
Wkh dqjoh ri lqflghqfh dw wkh judwlqj lv 4<1:6 ghj1 Edqgzlgwk +IZKP, ri 3136
qp> +f, Vdph dv +e, exw dqjoh ri lqflghqfh lv 4<193 ghj> +g, Vdph dv +f, exw dqjoh
ri lqflghqfh lv 4<17: ghj> +h, Vdph dv +g, exw dqjoh ri lqflghqfh lv 4<163 ghj1
431614 Frqwlqxrxv Wxqdelolw| ri wkh Fhqwhu Iuhtxhqf|
Wkh iuhtxhqf| fdq dxwrpdwlfdoo| eh wxqhg e| dsso|lqj d vdzwrrwk prgxodwlrq
yrowdjh wr wkh slh}rhohphqw1 Dw d gulyh fxuuhqw ri xs wr 5lwk iru wkh odvhu duud|/
dqg d prgxodwlrq iuhtxhqf| iru wkh slh}rhohphqw ri ohvv wkdq 315 K}/ wkh skdvh
orfnhg vshfwuxp vfdqv vprrwko| edfn dqg iruwk lq d vlqjoh prgh wkdw wudqvihuv
lwv hqhuj| wr wkh qh{w orqjlwxglqdo prgh/ dv ghvfulehg suhylrxvo|1 Gxulqj wkh
vfdqqlqj wkh uh hfwlylw| ri wkh SFP lv ghfuhdvhg 43053( dv frpsduhg zlwk wkh
fdvh zkhuh wkh judwlqj lv {hg1 Li wkh prgxodwlrq iuhtxhqf| lv kljkhu wkdq 318 K}/
wkh edqgzlgwk ri wkh skdvh orfnhg vshfwuxp zloo lqfuhdvh wr pruh wkdq 316 qp1 Iru
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prgxodwlrq iuhtxhqf| lq wkh udqjh ri 8043 K}/ wkh edqgzlgwk lv wkh vdph dv zkhq
wkh duud|v uxqv iuhho|1 Li wkh prgxodwlrq iuhtxhqf| lv odujhu wkdq dssur{lpdwho| 315
K}/ wkh uh hfwlylw| ri wkh SFP zloo frqwlqxrxvo| idoo wr }hur dv wlph hodsvhv1 Wkh
uhvsrqvh wlph iru wkh EdWlR6 fu|vwdo lv rq wkh rughu ri rqh vhfrqg dqg rqo| iru d
yhu| orz prgxodwlrq iuhtxhqf| +? 315 K}, fdq wkh fu|vwdo uhvsrqg wr wkh fkdqjhv
ri wkh lqflghqw ehdp dqg/ wkhuhe|/ pdlqwdlq kljk skdvh frqmxjdwh uh hfwlylw|1
431615 Frkhuhqfh Ohqjwk
Wkh lpsuryhg frkhuhqfh ri wkh rxwsxw iurp wkh odvhu duud| lv phdvxuhg e| d vwdq0
gdug Plfkhovrq lqwhuihurphwhu frqvlvwlqj ri wzr pluuruv +rqh prxqwhg rq d wudqvod0
wlrq vwdjh, dqg d ehdpvsolwwhu1 Wkh uhihuhqfh dup kdv d {hg ohqjwk ri 5443 pp1
Wkh ylvlelolw| ri dssur{lpdwho| yh iulqjhv ri wkh lqwhuihuhqfh sdwwhuq lv uhfrughg
e| d 58 pp zlgh skrwrghwhfwru duud| zlwk 537; sl{hov1 Wkh frkhuhqfh ghjuhh lv
wdnhq lq wkh irup  @ ++Lpd{Lplq,@+Lpd{.Lplq,,++L4.L5,@+5
s
L4  L5,,/ zkhuh
Lpd{ dqg Lplq duh wkh pd{lpxp dqg wkh plqlpxp lqwhqvlw| lq wkh lqwhuihuhqfh
sdwwhuq/ uhvshfwlyho|1 L4 lv wkh lqwhqvlw| jhqhudwhg dw wkh ghwhfwru zlwk wkh pluuru
lq dup 5 fryhuhg dqg L5 lv wkh lqwhqvlw| zlwk wkh pluuru lq dup 4 fryhuhg1 Iljxuh
9; glvsod|v wkh frkhuhqfh ghjuhh yhuvxv wkh sdwk glhuhqfh ri wkh wzr dupv lq wkh
lqwhuihurphwhu1 E| frpsdulqj wkh sdwk glhuhqfh iru wkh fdvh zkhuh wkh duud| uxqv
iuhho| dqg wkh fdvh zkhuh ihhgedfn lv dssolhg/ lw lv revhuyhg wkdw wkh frkhuhqfh
ohqjwk ri wkh duud| zlwk wkh skdvh frqmxjdwh ihhgedfn lv lqfuhdvhg e| d idfwru ri
78 wr dw ohdvw 49 pp iru d gulyh fxuuhqw ri 5lwk1 Dw d gulyh fxuuhqw ri 6lwk wkh
frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri 5;1
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Iljxuh 9;1 Wkh frkhuhqfh ghjuhh yhuvxv wkh sdwk glhuhqfh ri wkh dupv lq d vwdq0
gdug Plfkhovrq lqwhuihurphwhu1 Odvhu glrgh duud| frxsohg wr d SFP dqg gludfwlrq
judwlqj1
4317 Sk|vlfdo Ruljlq ri wkh Vlqjoh0Prgh Rshud0
wlrq
Lq wkh judwlqj frqjxudwlrq wkh skdvh frqmxjdwh ihhgedfn riwhq irufhv wkh skdvh
orfnhg vshfwuxp wr vkliw xs wr 4 qp wrzdugv d orqjhu zdyhohqjwk zlwk uhvshfw
wr 3 +fhqwhu zdyhohqjwk ri vshfwuxp zkhq lw uxqv iuhho|, ehiruh lw uhdfkhv dq
htxloleulxp zlwk d vwdeoh rxwsxw1 Dw kljkhu gulyh fxuuhqwv wkh vkliw fdq eh dv
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odujh dv 5 qp1 Wklv vkliw lv d sduw ri wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv1
Dv suhylrxvo| ghvfulehg/ wkh frqvwdqw fkdqjh ri iuhtxhqf| +uhshdwlqj f|fohv, lv
dyrlghg e| ihhglqj edfn rqo| rqh oreh ri wkh idu0hog1 Wkh phfkdqlvpv ri wkh
zhdno| frxsohg v|vwhp duh qrw |hw ixoo| xqghuvwrrg> krzhyhu/ zh vxjjhvw wkdw dv
wkh skdvh orfnhg vshfwuxp vwduwv wr vkliw/ wkh v|vwhp zloo uhdfk dq htxloleulxp
gxh wr wkh pdwhuldo iuhtxhqf| glvshuvlrq ri wkh EdWlR6 fu|vwdo1 Wkh idfw wkdw d
yhu| qduurz vshfwuxp dqg hyhq vlqjoh0prgh rshudwlrq fdq eh rewdlqhg lv gxh wr
wkh dqjxodu glvshuvlrq ri wkh judwlqj zklfk glvshuvhv wkh ehdp lqvlgh wkh fu|vwdo
dqg hqkdqfhv wklv surfhvv1 Pruhpruh/ wkh judwlqj surylghv vshfwudo owhulqj dqg
glvfulplqdwhv wkh orqjlwxglqdo prghv1 Wklv ohdgv wr vlqjoh0prgh rshudwlrq1 Li wkh
judwlqj lv uhsodfhg zlwk d frqyhqwlrqdo pluuru/ wkh frqjxudwlrq lv vlplodu wr wkh
rqh xvhg lq Uhi1 ^48`1 Hyhq wkrxjk dq doprvw gludfwlrq olplwhg rxwsxw ehdp zdv
rewdlqhg xvlqj wklv frqjxudwlrq/ wkh vshfwuxp vwloo kdg d edqgzlgwk ri pruh wkdq
318 qp1 Wklv fohduo| ghprqvwudwhv wkdw wkh judwlqj surylghv vshfwudo owhulqj lq wkh
frqjxudwlrq xvhg khuh1 Ixuwkhupruh/ rqfh wkh vlqjoh0prgh rshudwlrq lv doprvw
hvwdeolvkhg/ wkh frkhuhqfh ohqjwk ehfrphv orqjhu +wkh vhoi0qduurzlqj hhfw,/ dqg
wkh kljk zdyhohqjwk vhohfwlylw| ri wkh judwlqj vwuxfwxuh lq wkh skdvh frqmxjdwru
fdxvhv wkh vshfwuxp wr ehfrph d vlqjoh prgh1
Wkh idfw wkdw wkh judwlqj surylghv kljk iuhtxhqf| vhohfwlylw|/ l1h1 wkh skdvh frq0
mxjdwh uh hfwlylw| lv vpdoohu iru wkh vlgh prghv dv frpsduhg zlwk wkh grplqdwlqj
prgh/ pd| eh h{sodlqhg e| wzr phfkdqlvpv1 Iluvwo|/ iru d fkdqjh lq zdyhohqjwk
wkh judwlqj fdxvhv wkh gludfwlrq dqjoh wr fkdqjh dqg/ dv d uhvxow/ wkh dqjoh ri lq0
flghqfh dw wkh fu|vwdo zloo dovr fkdqjh1 Wklv fkdqjh fdq ohdg wr uhgxfhg uh hfwlylw|
ehfdxvh ri wkh kljk zdyhohqjwk vhohfwlylw| ri wkh judwlqj vwuxfwxuh lq wkh frqmx0
jdwru1 Vhfrqgo|/ wkh zdyhohqjwkv duh wr vrph h{whqw vsdwldoo| vhsdudwhg lqvlgh wkh
fu|vwdo gxh wr wkh lpdjlqj surshuwlhv ri wkh ohqv xvhg wr irfxv wkh oljkw lqwr wkh
fu|vwdo1 Iru d fkdqjh lq zdyhohqjwk/ wkh lqflghqw ehdp zloo eh vkliwhg lqvlgh wkh
fu|vwdo dqg zloo frqvhtxhqwo| sursdjdwh lq sduwv ri wkh fu|vwdo zlwk ohvv judwlqjv
fdxvlqj wkh ryhudoo skdvh frqmxjdwh uh hfwlylw| wr eh uhgxfhg1
4318 Vwdelolw| ri Rxwsxw Ehdp
Rqfh wkh SFP kdv ehhq wxuqhg rq dqg vlqjoh0prgh rshudwlrq kdv ehhq rewdlqhg/
wkh rxwsxw ehfrphv yhu| vwdeoh zlwk uhvshfw wr iuhtxhqf| dqg rxwsxw srzhu1 Wkh
kljkhvw vwdelolw| lv dfklhyhg li wkh zdyhohqjwk lv vkliwhg 0 e| wlowlqj wkh judwlqj 0
405 qp wrzdugv d orqjhu zdyhohqjwk zlwk uhvshfw wr 3 +wkh fhqwhu zdyhohqjwk ri
wkh pxowlprgh vshfwuxp zkhq wkh duud| uxqv iuhho|,1
431814 Vwdelolw| ri Fhqwhu Zdyhohqjwk
Wkh vwdelolw| ri wkh fhqwhu zdyhohqjwk lv phdvxuhg zlwk d vshfwuxp dqdo|}hu zlwk d
uhvroxwlrq ri 3135 qp1 Wkh fhqwhu zdyhohqjwk zdv ghwhuplqhg e| wwlqj d Jdxvvldq
hqyhorsh wr wkh uhvsrqvh ri wkh dqdo|}hu1 Iljxuh 9<+d, vkrzv wkh fhqwhu zdyhohqjwk
dv d ixqfwlrq ri wlph1 Wkh gulyh fxuuhqw lv 5lwk dqg wkh vshfwuxp lv d vlqjoh duud|
prgh1 Wkh yduldwlrq ri wkh fhqwhu zdyhohqjwk lv yhu| vpdoo/ exw dw wlph w * 433
plqxwhv wkh fhqwhu zdyhohqjwk vxgghqo| pdnhv d vkliw ri dssur{lpdwho| 3146 qp1
Wklv zdyhohqjwk vkliw fruuhvsrqgv wr rqh orqjlwxglqdo prgh vsdflqj ri wkh duud|
fdylw|1 Li qr vxfk vkliwv wdnh sodfh/ wkh zdyhohqjwk lv yhu| vwdeoh1 Gxulqj yh krxuv
ri frqwlqxrxv rshudwlrq +w @ 433 wr 733 plqxwhv, wkh fhqwhu zdyhohqjwk lv 3 @
;45184 	 31337 qp +vwdqgdug ghyldwlrq,1 Wklv yduldwlrq lv rqh rughu ri pdjqlwxgh
ohvv wkdq wkh uhvroxwlrq ri wkh dqdo|}hu1 Zh fdq frqfoxgh wkdw wkh zdyhohqjwk
vwdelolw| lv ohvv wkdq 	 3134 qp1
Wkh vxgghq zdyhohqjwk vkliw pd| eh vxssuhvvhg li d orz qhvvh hwdorq lv lqfoxghg
lq wkh h{whuqdo fdylw|1 Li wkh iuhh vshfwudo udqjh lv fkrvhq wr eh/ h1j1/ hwdorqivu @
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418IS / wkh zdyhohqjwk vkliw zloo eh ohvv idyrudeoh iru wkh v|vwhp zlwk uhjdug
wr rswlpxp ihhgedfn1
431815 Vwdelolw| ri Rxwsxw Srzhu
Wkh srzhu lq wkh rxwsxw ehdp zdv dovr phdvxuhg ryhu d shulrg ri vl{ krxuv ri
frqwlqxrxv rshudwlrq1 Iljxuh 9<+e, glvsod|v wkh rxwsxw srzhu dv d ixqfwlrq ri wlph1
Iru w * 433 plqxwhv/ wkh srzhu pdnhv d vxgghq mxps1 Wklv mxps lv dvvrfldwhg
zlwk wkh vkliw lq fhqwhu zdyhohqjwk vhhq lq Ilj1 9<+d,1 Ryhu d shulrg ri yh krxuv +
w @ 433 wr 733 plqxwhv, ri frqwlqxrxv rshudwlrq wkh phdvxuhg srzhu zdv 45314< 	
319: pZ +vwdqgdug ghyldwlrq,1 Wkh phdvxuhg vwdqgdug ghyldwlrq ri wkh ghwhfwhg
srzhu fruuhvsrqgv wr ohvv wkdq 3189(1





































Iljxuh 9<1 R0d{lv iuhtxhqf| vhohfwlyh ihhgedfn +judwlqj frqjxudwlrq, lv dssolhg wr
wkh duud| dw d gulyh fxuuhqw ri 5lwk1 +d, Wkh fhqwhu zdyhohqjwk ri wkh vlqjoh0prgh
vshfwuxp yhuvxv wlph1 +e, Srzhu lq wkh rxwsxw ehdp yhuvxv wlph1
4319 Vxppdu| ri Uhvxowv
D whfkqltxh wkdw pdnh xvh ri d skdvh frqmxjdwh pluuru dqg d gludfwlrq judwlqj wr
hqkdqfh wkh vsdwldo dqg whpsrudo frkhuhqfh ri kljk0srzhu odvhu glrgh duud|v kdv
ehhq ghprqvwudwhg1 Iru d gulyh fxuuhqw ri 5lwk vlqjoh0prgh rshudwlrq lv dfklhyhg1
Wkh vshfwudo edqgzlgwk lv uhgxfhg wr ohvv wkdq 3136 qp/ wkh frkhuhqfh ohqjwk lv
lqfuhdvhg e| d idfwru ri 78 wr dw ohdvw 49 pp/ dqg wkh idu0hog lv qduurzhg grzq
wr 418 wlphv wkh gludfwlrq olplw1 Wkh iuhtxhqf| ri wkh rxwsxw fdq eh wxqhg ryhu d
zdyhohqjwk udqjh ri 8 qp e| wlowlqj wkh judwlqj1 Hyhq dw doprvw pd{lpxp gulyh
fxuuhqw +6lwk, wkh frkhuhqfh ohqjwk lv vwloo lqfuhdvhg e| d idfwru ri 5;1 Pruh wkdq
83( ri wkh udgldwhg hqhuj| iurp wkh duud| lv h{wudfwhg lq wkh h{shulphqwdo vhwxs/
exw d pxfk odujhu iudfwlrq fdq eh h{wudfwhg zlwk dq rswlpl}hg vhwxs1 Wkh rxwsxw
ehdp ri wkh frqjxudwlrq lv yhu| vwdeoh zlwk uhvshfw wr wkh fhqwhu iuhtxhqf| dqg
wkh rswlfdo rxwsxw srzhu1 Gxulqj yh krxuv ri frqwlqxrxv rshudwlrq wkh zdyhohqjwk
dqg wkh rxwsxw srzhu ydu| ohvv wkdq 3134 qp dqg 3189(/ uhvshfwlyho|1
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44 Frqfoxvlrq
Lq wklv wkhvlv d qhz odvhu v|vwhp frqvlvwlqj ri d odvhu glrgh duud| zlwk skdvh
frqmxjdwh ihhgedfn kdv ehhq suhvhqwhg1 Wkh frqmxjdwru lv d vhoi0sxpshg edulxp
wlwdqdwh fu|vwdo duudqjhg lq d Fdw jhrphwu|1 Wkh zrun fdq eh glylghg lqwr wkh iro0
orzlqj pdlq vxemhfwv= +4, lpsuryhphqw ri wkh frkhuhqfh fkdudfwhulvwlfv ri d odvhu
glrgh duud| xvlqj skrwruhiudfwlyh skdvh frqmxjdwh vhoi0lqmhfwlrq orfnlqj/ dqg +5, d
vwxg| ri wkh fkdudfwhulvwlfv ri wkh skdvh frqmxjdwru1 Iru wkh lpsuryhphqw ri wkh
odvhu glrgh duud| wzr frqjxudwlrqv kdyh ehhq ghyhorshg= +4d, wkh hwdorq frqjx0
udwlrq dqg +4e, wkh judwlqj frqjxudwlrq1 Wkh lqyhvwljdwlrqv ri wkh fkdudfwhulvwlfv
ri wkh skdvh frqmxjdwru ghdo zlwk +5d, wkh lq xhqfh ri wkh pdwhuldo iuhtxhqf|
glvshuvlrq rq wkh frpsoh{ judwlqj vwuxfwxuh/ dqg +5e, wkh zdyhohqjwk vhohfwlylw|
ri wkh frpsoh{ judwlqj vwuxfwxuh lq wkh fu|vwdo1 Lq wkh iroorzlqj/ d vxppdu| dqg
d frqfoxvlrq iru hdfk ri wkhvh irxu vxemhfwv duh jlyhq1
4414 Hwdorq Frqjxudwlrq
Zlwk d skdvh frqmxjdwh pluuru dqg dq hwdorq/ d qryho whfkqltxh xvlqj r0d{lv iuh0
txhqf| vhohfwlyh skdvh frqmxjdwh vhoi0lqmhfwlrq orfnlqj wr hqkdqfh wkh vsdwldo dqg
wkh whpsrudo frkhuhqfh ri odvhu glrgh duud|v kdv vxffhvvixoo| ehhq ghprqvwudwhg1
D iudfwlrq ri wkh idu0hog udgldwlrq lv gluhfwhg wr wkh vhoi0sxpshg Fdw frqmxjdwru1
Lq wkh h{whuqdo fdylw| d Ideu|0Shurw hwdorq dqg d vsdwldo owhu duh lqfoxghg1 Iru
d gulyh fxuuhqw +iru wkh odvhu duud|, ri wzr wlphv wkh wkuhvkrog fxuuhqw +5lwk, rqh
vsdwldo duud| prgh dqg rqh orqjlwxglqdo prgh duh vhohfwhg e| vsdwldo dqg vshf0
wudo owhulqj +vlqjoh0prgh rshudwlrq,1 Wkh h{lvwhqfh ri pxowlsoh h{whuqdo fdylw|
prghv kdv ehhq revhuyhg dqg wkh whup vlqjoh0prgh rshudwlrq wkhuhiruh uhihuv wr
wkh prghv lq wkh vrolwdu| odvhu duud|1 Wkh vshfwudo edqgzlgwk lv ohvv wkdq 3135 qp/
wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri :3 wr pruh wkdq 58 pp/ dqg wkh
idu0hog lv 417 wlphv wkh gludfwlrq olplw1 Hyhq dw doprvw pd{lpxp gulyh fxuuhqw
+6lwk, wkh idu0hog lv rqo| 41: wlphv wkh gludfwlrq olplw dqg wkh frkhuhqfh ohqjwk
lv lqfuhdvhg e| d idfwru ri 731 Lq vlqjoh0prgh rshudwlrq pruh wkdq 83( ri wkh
udgldwhg hqhuj| iurp wkh odvhu glrgh duud| lv h{wudfwhg lq wkh h{shulphqwdo vhwxs>
krzhyhu/ d pxfk odujhu iudfwlrq fdq eh h{wudfwhg zlwk dq rswlpl}hg vhwxs1
Rqfh wkh SFP lv wxuqhg rq dqg vlqjoh0prgh rshudwlrq lv rewdlqhg/ wkh rxwsxw
ehfrphv yhu| vwdeoh zlwk uhvshfw wr wkh zdyhohqjwk dqg wkh rxwsxw srzhu1 Wkh
phdvxuhg vwdqgdug ghyldwlrqv ri wkh ghwhfwhg srzhu dqg wkh fhqwhu zdyhohqjwk
duh 4159( dqg 3134 qp +uhvroxwlrq olplwhg,/ uhvshfwlyho|/ ryhu d shulrg ri vl{ krxuv
ri frqwlqxrxv rshudwlrq dw d gulyh fxuuhqw ri wzr wlphv wkh wkuhvkrog fxuuhqw1
4415 Judwlqj Frqjxudwlrq
D qhz whfkqltxh/ xvlqj d skdvh frqmxjdwh pluuru dqg d gludfwlrq judwlqj/ wr hq0
kdqfh wkh vsdwldo dqg wkh whpsrudo frkhuhqfh ri kljk0srzhu odvhu glrgh duud|v kdv
ehhq ghprqvwudwhg1 D iudfwlrq ri wkh idu0hog udgldwlrq lv gluhfwhg wr wkh judwlqj
dqg frxsohg wr wkh skdvh frqmxjdwh pluuru1 Iru d gulyh fxuuhqw ri 5lwk/ vlqjoh0
prgh rshudwlrq lv dfklhyhg1 Wkh vshfwudo edqgzlgwk lv uhgxfhg wr ohvv wkdq 3136
qp/ wkh frkhuhqfh ohqjwk lv lqfuhdvhg e| d idfwru ri 78 wr dw ohdvw 49 pp/ dqg wkh
idu0hog lv qduurzhg grzq wr 418 wlphv wkh gludfwlrq olplw1 Wkh iuhtxhqf| ri wkh
rxwsxw fdq eh wxqhg ryhu d zdyhohqjwk udqjh ri 8 qp e| wlowlqj wkh judwlqj1 Hyhq
dw doprvw pd{lpxp gulyh fxuuhqw +6lwk, wkh frkhuhqfh ohqjwk lv vwloo lqfuhdvhg e|
d idfwru ri 5;1 Pruh wkdq 83( ri wkh udgldwhg hqhuj| iurp wkh duud| lv h{wudfwhg
lq wkh h{shulphqwdo vhwxs/ exw d pxfk odujhu iudfwlrq fdq eh h{wudfwhg zlwk dq
rswlpl}hg vhwxs1 Wkh rxwsxw ehdp ri wkh frqjxudwlrq lv yhu| vwdeoh zlwk uhvshfw
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wr wkh fhqwhu iuhtxhqf| dqg wkh rswlfdo rxwsxw srzhu1 Gxulqj yh krxuv ri frqwlq0
xrxv rshudwlrq wkh zdyhohqjwk dqg wkh rxwsxw srzhu ydu| ohvv wkdq 3134 qp dqg
3189(/ uhvshfwlyho|1
4416 Hhfwv ri wkh Pdwhuldo Glvshuvlrq
Wkh vfdq udwh +zdyhohqjwk vkliw shu xqlw wlph, lq vhoi0lqgxfhg iuhtxhqf| vfdqqlqj
ghshqgv rq wkh lqwhqvlw| ri wkh ehdp lqvlgh wkh skrwruhiudfwlyh fu|vwdo1 Wkh vfdq
udwh lv irxqg wr eh sursruwlrqdo wr wkh lqwhqvlw|1 Ixuwkhupruh/ wkh vfdq udwh grhv
qrw ghshqg rq wkh ihhgedfn ohyho exw rqo| rq wkh lqwhqvlw| +l1h1 wkh uhvsrqvh wlph
ri wkh fu|vwdo,1 Wkhvh revhuydwlrqv uhyhdo wkdw wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj
lv gxh wr wkh skrwruhiudfwlyh surfhvv lq wkh frqmxjdwru1
Lw kdv ehhq hvwdeolvkhg wkdw wkh rulhqwdwlrq ri wkh ehdp sdwk lq wkh fu|vwdo
fkdqjhv gxulqj vhoi0lqgxfhg iuhtxhqf| vfdqqlqj1 Pruhryhu/ lw lv vkrzq wkdw wkh
vhoi0lqgxfhg iuhtxhqf| vfdqqlqj ri d odvhu glrgh duud| zlwk ihhgedfn iurp d Fdw
frqmxjdwru lv vljqlfdqwo| dowhuhg e| wkh suhvhqfh ri glvshuvlrq ri sulvpv ru e|
glvshuvlyh gludfwlrq judwlqjv sodfhg lq wkh h{whuqdo fdylw| lq iurqw ri wkh fu|vwdo1
Lw lv ghprqvwudwhg wkdw wkhvh sulvpv ru judwlqjv fdq hyhq vxssuhvv wkh vhoi0lqgxfhg
iuhtxhqf| vfdqqlqj dqg vwdelol}h wkh rxwsxw ri wkh odvhu duud|1 Wkh h{shulphqwdo
uhvxowv vkrz wkdw wkh pdwhuldo iuhtxhqf| glvshuvlrq ri EdWlR6 lv dq lpsruwdqw
hhfw iru wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv1
Qxphulfdo vlpxodwlrqv ri wkh frpsoh{ judwlqj vwuxfwxuh kdyh ehhq shuiruphg>
wkh judwlqj vwuxfwxuh lv jhqhudwhg zkhq vhyhudo orqjlwxglqdo prghv iurp d odvhu
lqgxfh d Fdw jhrphwu| lq d edulxp wlwdqdwh fu|vwdo1 Wkh uhvxowv ri wkh qxphulfdo
dqdo|vlv fohduo| vkrz wkdw wkh ghwxqlqj fxuyh +edfnuh hfwlrq yhuvxv zdyhohqjwk ri
wkh lqflghqw ehdp, ri wkh jhqhudwhg judwlqj vwuxfwxuh lv dv|pphwulf zlwk uhvshfw
wr wkh fhqwhu zdyhohqjwk ri wkh odvhu wkdw lqgxfhg wkh judwlqj vwuxfwxuh1 Wkh
dv|pphwulf ihhgedfn wr wkh odvhu/ zklfk lv jhqhudwhg e| gludfwlrq lq wkh judwlqj
vwuxfwxuh/ ohdgv wr vhoi0lqgxfhg iuhtxhqf| vfdqqlqj ri wkh odvhu1 Lw lv irxqg wkdw wkh
pdwhuldo iuhtxhqf| glvshuvlrq ri wkh edulxp wlwdqdwh fu|vwdo fdxvhv wkh dv|pphwu|
dqg lv wkh ruljlq ri wkh vfdqqlqj surfhvv1 Wkh wkhruhwlfdo suhglfwlrqv duh lq jrrg
djuhhphqw zlwk wkh h{shulphqwdo uhvxowv1
4417 Zdyhohqjwk Vhohfwlylw| ri wkh Judwlqj Vwuxf0
wxuh
Wkh ghwxqlqj fxuyh dqg wkh zdyhohqjwk vhohfwlylw| ri wkh frpsoh{ judwlqj vwuxf0
wxuh iruphg lq d Fdw frqmxjdwru kdyh ehhq phdvxuhg1 Wkh uhvxowv vkrz wkdw wkh
zdyhohqjwk vhohfwlylw| ri wkh judwlqj vwuxfwxuh ri wkh Fdw frqmxjdwru ehfrphv
odujhu +ohvv vhohfwlyh, zkhq wkh frkhuhqfh ohqjwk ri wkh lqflghqw zulwlqj ehdp lv
ghfuhdvhg1 Iru d frkhuhqfh ohqjwk wkdw lv pxfk odujhu wkdq wkh glphqvlrqv ri wkh
frqmxjdwru fu|vwdo/ d zdyhohqjwk vhohfwlylw| dv vpdoo dv 31359 qp +ixoo zlgwk dw
kdoi0pd{lpxp ri wkh ghwxqlqj fxuyh, fdq eh dfklhyhg1 Wklv orzhu olplw ghshqgv
rq wkh vl}h ri wkh fu|vwdo> d odujhu fu|vwdo ohdgv wr d pruh vhohfwlyh judwlqj vwuxf0
wxuh1 D vlpsoh prgho ri wkh judwlqj vwuxfwxuh/ zklfk lv fdsdeoh ri uhsurgxflqj
wkh phdvxuhg ghwxqlqj fxuyhv/ kdv ehhq suhvhqwhg1 Wkh prgho uhyhdov wkdw d orqj
5n0judwlqj pxvw eh iruphg lq wkh lqwhuqdo orrs ri wkh Fdw frqmxjdwru lq rughu
wr surgxfh wkh vpdoo zdyhohqjwk vhohfwlylw| +31359 qp, revhuyhg h{shulphqwdoo|1
Pruhryhu/ wkh vkdsh ri wkh ghwxqlqj fxuyh ghshqgv rq wkh frkhuhqfh ohqjwk dqg
lv ghwhuplqhg e| wkh lqwhuihuhqfh ehwzhhq oljkw wkdw lv gludfwhg lq d 5n0judwlqj
dqg oljkw wkdw wudyhov rqh urxqg wuls lq wkh lqwhuqdo orrs lq wkh frqmxjdwru1 Wkh
uhvxowv h{sodlq zk| wkh rswlfdo ihhgedfn jhqhudwhg e| wkh g|qdplf judwlqjv lq wkh
skdvh frqmxjdwru lqfuhdvhv wkh frkhuhqfh ohqjwk ri d pxowlprgh odvhu1
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45 Ixwxuh zrun
Lq wklv fkdswhu zh eulh | glvfxvv ixwxuh h{shulphqwv dqg lghdv wkdw zrxog eh qdw0
xudo wr fduu| rxw lq frqwlqxdwlrq ri wkh suhvhqw Sk1G1 wkhvlv1 Lw grhv qrw uhsuhvhqw
d frpsuhkhqvlyh uhylhz ri doo srwhqwldo surmhfwv/ exw lv olplwhg wr d ihz wrslfv wkdw
duh forvho| olqnhg wr wkh zrun frqwdlqhg lq wklv wkhvlv1
4514 Lpsuryhphqw ri wkh Vhoi0Lqmhfwlrq Orfnlqj
Vfkhph
Zh eholhyh wkdw lw lv yhu| olnho| wkdw wkh shuirupdqfh ri wkh r0d{lv skdvh frqmxjdwh
vhoi0lqmhfwlrq orfnlqj vfkhph zlwk d iuhtxhqf| vhohfwlyh hohphqw zloo eh vljqlfdqwo|
ehwwhu 0 dqg hyhq dw pd{lpxp gulyh fxuuhqw 0 li dq dqwluh hfwlrq frdwlqj +? 4(,
lv dssolhg wr wkh rxwsxw idfhw ri wkh odvhu glrgh duud|1 Wklv lv sduwo| vxssruwhg e|
wkh uhvxowv rewdlqhg lq Uhi1 ^448`1
4515 Vhoi0Lqmhfwlrq Orfnlqj ri Odvhu Glrgh Eduv
Vhoi0lqmhfwlrq orfnlqj ri d odvhu glrgh edu pdnhv lw srvvleoh wr rewdlq d oljkw vrxufh
zlwk yhu| kljk rxwsxw srzhu +A 43 zdww, dqg d qhdu gludfwlrq olplwhg udgld0
wlrq sdwwhuq1 D gludfwlrq olplwhg vrxufh wkdw xvhv r0d{lv skdvh0frqmxjdwh vhoi0
lqmhfwlrq orfnlqj kdv ehhq uhsruwhg1^4:` Lw lv wkhuhiruh olnho| wkdw wkh iuhtxhqf|
vhohfwlyh skdvh0frqmxjdwh ihhgedfn vfkhph suhvhqwhg lq wklv wkhvlv zloo eh fdsdeoh
ri lqfuhdvlqj erwk wkh vsdwldo frkhuhqfh dqg wkh whpsrudo frkhuhqfh ri d odvhu
glrgh edu1
4516 Vhfrqg Kduprqlf Jhqhudwlrq
Wkh gludfwlrq olplwhg udgldwlrq sdwwhuq dqg wkh vlqjoh0prgh vshfwuxp iurp dq
lpsuryhg odvhu glrgh duud| xvlqj skdvh frqmxjdwlrq rshqv wkh srvvlelolw| ri gh0
yhorslqj d kljk0srzhu +A 433 pZ, eoxh oljkw vrxufh edvhg rq vhfrqg kduprqlf
jhqhudwlrq1 Vlqfh JdDoDv odvhu glrgh duud|v fdq eh ideulfdwhg zlwk d odvlqj zdyh0
ohqjwk lq wkh udqjh ri :83 qp wr ;;3 qp/ lw pd| eh srvvleoh wr jhqhudwh d eoxh
oljkw vrxufh zlwk dq ghvluhg zdyhohqjwk lq wkh udqjh ri 6:8 qp wr 773 qp1 Odvhu
glrgh duud|v fdq dovr eh ideulfdwhg zlwk d zdyhohqjwk lq wkh ylvleoh zdyhohqjwk
udqjh ri 963 qp wr 9<3 qp dqg rhuv wkh srwhqwldo ri d XY oljkw vrxufh1
Wkh vhfrqg kduprqlf pd| eh jhqhudwhg wkurxjk wkh xvh ri wkh rq0d{lv frqj0
xudwlrq zlwk dq hwdorq lqfoxghg lq wkh h{whuqdo fdylw|1 Lq wklv frqjxudwlrq wkh
skrwruhiudfwlyh fu|vwdo lv xvhg lq d pruh xqltxh zd| wkdq mxvw wr lpsuryh wkh
frkhuhqfh surshuwlhv ri wkh odvhu glrgh duud|1 D iuhtxhqf| grxeolqj fu|vwdo lv lq0
foxghg lq wkh h{whuqdo fdylw|1 Kljk0uh hfwlrq frdwlqjv duh dssolhg wr wkh vxuidfhv
ri wkh grxeolqj fu|vwdo dqg/ dv d uhvxow/ dq hwdorq lv rewdlqhg1 Lq vxfk d vfkhph
wkh hwdorq kdv wzr sxusrvhv1 Iluvwo| lw dfwv dv d iuhtxhqf| vhohfwlyh hohphqw vr
wkdw wkh skdvh frqmxjdwlrq skdvh0orfnv wkh odvhu glrgh duud| dqg lpsuryhv wkh
frkhuhqfh surshuwlhv1 Vhfrqgo|/ wkh hwdorq irupv d uhvrqdqw iuhtxhqf| grxeolqj
fdylw|1 Vlqfh wkh skdvh frqmxjdwru dxwrpdwlfdoo| vhohfwv d iuhtxhqf| wkdw pdwfkhv
wkh hwdorq/ kljk frqyhuvlrq h!flhqf| iru wkh vhfrqg kduprqlf jhqhudwlrq lv h{0
shfwhg1 Wkh skdvh frqmxjdwru lv g|qdplf dqg dgmxvwv wr dq| vorz whpshudwxuh
fkdqjh dqg/ frqvhtxhqwo|/ wkh skdvh frqmxjdwru kdv wkh srwhqwldo ri uhsodflqj d
wudglwlrqdo hohfwulfdo vhuyr v|vwhp1
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pdsslqj ri 4;3 ghjuhhv grpdlqv klgghq lq d EdWlR6 fu|vwdo/ Rsw1 Ohww1
54/ 9 +4<<9,1
^98` P1 ]jrqln/ S1 Ehuqdvfrql/ P1 Gxhool/ U1 Vfkohvvhu/ S1 Jxqwhu/ P1 K1 Jduuhww/
G1 U|w}/ \1 ]kx/ dqg [1 Zx/ Glhohfwulf/ hodvwlf/ slh}rhohfwulf/ hohfwur0rswlf/
dqg hodvwr0rswlf whqvruv ri EdWlR6 fu|vwdov/ Sk|v1 Uhy1 E 83/ 8<74 +4<<7,1
^99` N1 Exvh/ V1 Ulhkhpdqq/ V1 Orkhlgh/ K1 Khvvh/ I1 Phuvfk/ dqg H1 Nudw}lj/
Uhiudfwlyh lqglfhv ri vlqjoh grpdlq EdWlR6 iru glhuhqw zdyhohqjwkv dqg
whpshudwxuhv/ Sk|v1 Vwdw1 Vro1 +d, 468 +4<<6,1
^9:` N1 Exvh/ Oljkw0lqgxfhg fkdujh wudqvsruw surfhvvhv lq skrwruhiudfwlyh fu|v0
wdov LL= Pdwhuldov/ Dsso1 Sk|v1 E 97/ 6<4 +4<<:,1
^9;` G1 U|w}/ E1 D1 Zhfkvohu/ P1 K1 Jduuhww/ F1 F1 Qhovrq/ dqg U1 Q1 Vfkzduw}/
Skrwruhiudfwlyh surshuwlhv ri EdWlR6=Fr/ M1 Rsw1 Vrf1 Dp1 E 45/ 5578
+4<<3,1
^9<` E1 D1 Zhfkvohu/ P1 E1 Nohlq/ F1 F1 Qlhovrq/ dqg U1 Q1 Vfkzduw}/ Vshfwur0
vfrslf dqg skrwruhiudfwlyh surshuwlhv ri lqiuduhg0vhqvlwlyh ukrglxp0grshg
edulxp wlwdqdwh/ Rsw1 Ohww1 4</ 869 +4<<7,1
^:3` Q1 Kxrw/ M1 P1 F1 Mrqdwkdq/ J1 Sdxoldw/ G1 U|w}/ dqg J1 Urrvhq/ Fkdudf0
whul}dwlrq ri d skrwruhudfwlyh ukrglxp grshg edulxp wlwdqdwh dw 4139 p/
Rsw1 frp1 468/ 466 +4<<:,1
467 UlvûU436;+HQ,
^:4` D1 Euljqrq/ M1 S1 Kxljqdug/ P1 K1 Jduuhww/ dqg L1 Pqxvknlqd/ Vhoi0sxpshg
skdvh frqmxjdwlrq lq ukrglxp0grshg EdWlR6 zlwk 41390p qdqrvhfrqg
sxovhv/ Rsw1 Ohww1 55/ 548 +4<<:,1
^:5` X1 ydq Vwhyhqgdddo/ N1 Exvh/ V1 Ndpshu/ K1 Khvvh/ dqg H1 Nudw}lj/ Oljkw0
lqgxfhg fkdujh wudqvsruw surfhvvhv lq skrwruhiudfwlyh edulxp wlwdqdwh grshg
zlwk ukrglxp dqg lurq/ Dsso1 Sk|v1 E 96/ 648 +4<<9,1
^:6` K1 Nurvh/ U1 Vfkduivfkzhugw/ R1 Vfkluphu/ dqg K1 Khvvh/ Oljkw0lqgxfhg
fkdujh wudqvsruw lq EdWlR6 yld wkuhh fkdjh vwdwhv ri ukrglxp/ Dsso1 Sk|v1
E 94/ 4 +4<<8,1
^:7` Q1 Kxrw/ M1 P1 F1 Mrqdwkdq/ dqg J1 Urrvhq/ Ydolglw| ri wkh wkuhh0fkdujh0
vwdwh prgho lq skrwruhiudfwlyh EdWlR6=Uk dw 4139 p lq fz uhjlph/ Dsso1
Sk|v1 E 98/ 7;< +4<<:,1
^:8` Q1 Nxnkwduhy/ Y1 E1 Pdunry/ V1 J1 Rgxory/ P1 V1 Vrvnlq/ dqg Y1 O1 Ylqhw0
vnll/ Krorjudsklf vwrudjh lq hohfwurrswlf fu|vwdov1 L1 Vwhdg| vwdwh1/ Ihuur0
hohfwulfhv 55/ <7< +4<:<,1
^:9` J1 F1 Ydooh|/ Wkh vhfrqgdu|0fhqwhu skrwruhiudfwlyh prgho/ Dsso1 Rsw1 55/
6493 +4<;6,1
^::` N1 Exvh dqg H1 Nudw}lj/ Wkuhh0ydohqfh fkdujh0wudqvsruw prgho iru h{sod0
qdwlrq ri wkh skrwruhiudfwlyh hhfw/ Dsso1 Sk|v1 E 94/ 5: +4<<8,1
^:;` S1 \hk/ Lqwurgxfwlrq wr skrwruhiudfwlyh qrqolqhdu rswlfv +Zloh| dqg Vrqv/
4<<6,/ LVEQ 307:408;9<50:1
^:<` D1 \duly dqg S1 \hk/ Rswlfdo zdyhv lq fu|vwdov +Zloh| dqg Vrqv/ 4<;7,/ LVEQ
307:403<475041
^;3` J1 F1 Ydooh| dqg P1 E1 Nohlq/ Rswlpdo surshuwlhv ri skrwruhiudfwlyh pdwh0
uldov iru rswlfdo gdwd surfhvvlqj/ Rsw1 Hqj1 55/ :37 +4<;6,1
^;4` M1 Ihlqehuj/ Vhoi0sxpshg/ frqwlqxrxv0zdyh skdvh frqmxjdwru xvlqj lqwhuqdo
uh hfwlrqv/ Rsw1 Ohww1 :/ 7;9 +4<;5,1
^;5` \1 Idlqpdq/ H1 Nodqfqln/ dqg V1 K1 Ohh/ Rswlpdo frkhuhqw lpdjh dpsol0
fdwlrq e| wzr0zdyh frxsolqj lq skrwruhiudfwlyh EdWlR6/ Rsw1 Hqj1 58/ 55;
+4<;9,1
^;6` E1 \1 ]ho*grylfk/ Y1 L1 Srsrylfkhy/ Y1 Y1 Udjxo*vnll/ dqg I1 V1 Idl}xoor/
Frqqhfwlrq ehwzhhq wkh zdyh iurqwv ri wkh uh hfwhg dqg h{flwlqj oljkw lq
vwlpxodwlrq Pdqgho*vkwdp0Euloorxlq vfdwwhulqj/ Vry1 Sk|v1 MHWS Ohww1 48/
43< +4<:5,1
^;7` G1 D1 Urfnzhoo/ D uhylhz ri skdvh0frqmxjdwh vrolg0vwdwh odvhuv/ LHHH M1
Txdq1 Hohf1 57/ 4457 +4<;;,1
^;8` U1 Z1 Khoozduwk/ Jhqhudwlrq ri wlph uhyhuvhg zdyh iurqwv e| qrqolqhdu
uhiudfwlrq/ M1 Rsw1 Vrf1 Dp1 9:/ 4 +4<::,1
^;9` D1 \duly dqg G1 P1 Shsshu/ Dpsolhg uh hfwlrq / skdvh frqmxjdwlrq dqg
rvfloodwlrq lq ghjhqhudwh irxu0zdyh pl{lqj/ Rsw1 Ohww1 4/ 49 +4<::,1
^;:` M1 S1 Kxljqdug/ M1 S1 Khuuldx/ S1 Dxerxuj/ dqg H1 Vslw}/ Skdvh0frqmxjdwh
zdyhiurqw jhqhudwlrq yld uhdo0wlph krorjudsk| lq El45VlR53 fu|vwdov/ Rsw1
Ohww1 7/ 54 +4<:<,1
^;;` M1 R1 Zklwh/ P1 Furqlq0Jrorpe/ E1 Ilvfkhu/ dqg D1 \duly/ Frkhuhqw rvflo0
odwlrq e| vhoi0lqgxfhg judwlqjv lq wkh skrwruhiudfwlyh fu|vwdo EdWlR6/ Dsso1
Sk|v1 Ohww1 73/ 783 +4<;5,1
UlvûU436;+HQ, 468
^;<` E1 Z1 Ole| dqg G1 Vwdwpdq/ Frqwurolqj wkh olqhzlgwk ri d vhplfrqgxfwru
odvhu zlwk skrwruhiudfwlyh skdvh frqmxjdwh ihhgedfn/ LHHH Wudqv1 Txdq1
Hohf1 65/ ;68 +4<<9,1
^<3` U1 D1 Ilvkhu/ Rswlfdo skdvh frqmxjdwlrq +Dfdghplf Suhvv/ 4<;6,/ LVEQ 30450
58::730{1
^<4` D1 D1 ]r}xo|d/ Grxeoh skdvh0frqmxjdwh pluuru lv qrw dq rvfloodwru/ Rsw1
Ohww1 49/ 878 +4<<4,1
^<5` E1 Ilvfkhu/ V1 Vwhuqnodu/ dqg V1 Zhlvv/ Skrwruhiudfwlyh Rvfloodwruv/ LHHH
M1 Txdq1 Hohf1 58/ 883 +4<;<,1
^<6` Y1 W1 Wlnkrqfkxn dqg D1 D1 ]r}xo|d/ Vwuxfwxuh ri oljkw ehdpv lq vhoi0
sxpshg irxu0zdyh pl{lqj jhrphwulhv iru skdvh frqmxjdwlrq dqg pxwxdo frq0
mxjdwlrq/ Surj1 Txdqw1 Hohfwu1 48/ 564 +4<<4,1
^<7` E1 Ilvfkhu/ Wkhru| ri vhoi0iuhtxhqf| ghwxqlqj ri rvfloodwlrqv e| zdyh pl{lqj
lq skrwruhiudfwlyh fu|vwdov/ Rsw1 Ohww1 44/ 569 +4<;9,1
^<8` U1 E|ovpd/ D1 Jodvv/ G1 Rovrq/ dqg P1 Furqlq0Jrorpe/ Vhoi0sxpshg skdvh
frqmxjdwlrq lq LqS= Ih/ Dsso1 Sk|v1 Ohww1 87/ 4<9; +4<;<,1
^<9` N1 U1 PdfGrqdog dqg M1 Ihlqehuj/ Wkhru| ri d vhoi0sxpshg skdvh frqmxjd0
wru zlwk wzr frxsohg lqwhudfwlrq uhjlrqv/ M1 Rsw1 Vrf1 Dp :6/ 87; +4<;6,1
^<:` D1 D1 ]r}xo|d/ J1 Prqwhph}}dql/ dqg G1 ]1 Dqghuvrq/ Dqdo|vlv ri wrwdo0
lqwhuqdo0uh hfwlrq skdvh0frqmxjdwh pluuru/ Sk|vlfdo Uhylhz D 85/ 749:
+4<<8,1
^<;` J1 Vdorpr/ P1 M1 Ploohu/ Z1 Z1 Fodun/ J1 O1 Zrrg/ dqg H1 M1 Vkdus/ Vwurq0
wlxp edulxp qlredwh dv d vhoi0sxpshg skdvh0frqmxjdwru/ Rsw1 Frppxq1
8</ 74: +4<;9,1
^<<` [1 \xh/ ]1 Vkdr/ [1 Oxl/ \1 Vrqj/ dqg K1 Fkhq/ Vwxglhv rq wkh irupdwlrq
ri vhoi0sxpshg skdvh frqmxjdwlrq lq d NQVEQ fu|vwdo/ Rsw1 Frppxq1 ;</
8< +4<<5,1
^433` G1 U|w} dqg G1 ]1 Vkhq/ vhoi0sxpshg skdvh frqmxjdwru lq srwdvvlxp qlredwh
+NQeR6,/ Dsso1 Sk|v1 Ohww1 87/ 5958 +4<;<,1
^434` M1 Z1 hw do/ Skrwruhiudfwlyh surshuwlhv dqg vhoi0sxpshg skdvh frqmxjdwlrq
ri whwudjrqdo Ih0grshg NWd4{Qe{R6 fu|vwdo/ Dsso1 Sk|v1 Ohww1 94/ 5:94
+4<<5,1
^435` S1 Odpehohw/ U1 S1 Vdodwkh/ P1 K1 Jduuhww/ dqg G1 U|w}/ Fkdudfwhul}dwlrq ri
d skrwruhiudfwlyh skdvh frqmxjdwru e| rswlfdo orz0frkhuhqfh uh hfwrphwu|/
Dsso1 Sk|v1 Ohww1 97/ 43:< +4<<7,1
^436` G1 U1 Kmhoph dqg D1 U1 Plfnhovrq/ Rq wkh wkhru| ri h{whuqdo fdylw| rs0
hudwhg vlqjoh0prgh vhplfrqgxfwru odvhuv/ LHHH M1 Txdq1 hohf1 56/ 4333
+4<;:,1
^437` F1 khqu|/ Wkhru| ri wkh olqhzlgwk ri vhplfrqgxfwru odvhuv/ LHHH M1 Txdq1
Hohf1 4;/ 58< +4<;5,1
^438` Q1 Vfkxqn dqg N1 Shwhupdqq/ Plqlpxp Elw Udwh ri GSVN wudqvplvvlrq
iru vhplfrqgxfwru odvhu zlwk d orqj h{whuqdo fdylw| dqg vwurqj olqhzlgwk
uhgxfwlrq/ M1 Oljkwzdyh Whfkqro1 8/ 463< +4<;:,1
^439` Q1 Vfkxqn dqg N1 Shwhupdqq/ Qxphulfdo dqdo|vlv ri wkh ihhgedfn uhjlphv
iru d vlqjoh0prgh vhplfrqgxfwru odvhu zlwk h{whuqdo ihhgedfn/ LHHH M1
Txdq1 Hohf1 57/ 4575 +4<;;,1
469 UlvûU436;+HQ,
^43:` O1 Q1 Odqjoh| dqg N1 D1 Vkruh/ Wkh hhfw ri h{whuqdo rswlfdo ihhgedfn
rq wlplqj mlwwhu lq prgxodwhg odvhu glrghv/ M1 Oljkwzdyh Whfkqro1 44/ 767
+4<<6,1
^43;` N10V1 Ohh dqg F1 Vkx/ Vwdeoh dqg zlgho| wxqhdeoh gxdo0zdyhohqjwk
frqwlqxrxv0zdyh rshudwlrq ri d vhplfrqgxfwru odvhu lq d qryho ideu|0shurw
judwlqj0ohqv h{whuqdo fdylw|/ LHHH M1 Txdq1 Hohf1 66/ 4;65 +4<<:,1
^43<` V1 PdfFrupdfn dqg U1 Z1 Hdvrq/ Vlqjoh0orqjlwxglqdo0prgh rshudwlrq iurp
d vhplfrqgxfwru odvhu duud| yld ihhgedfn iurp d prglhg froolpdwlqj remhf0
wlyh/ Dsso1 Rsw1 5</ 5996 +4<<3,1
^443` K1 Khppdwl/ Vlqjoh orqjlwxglqdo rshudwlrq ri vhplfrqgxfwru odvhu duud|v
zlwk hwdorq ihhgedfn/ Dsso1 Sk|v1 Ohww1 84/ 557 +4<;:,1
^444` M1 U1 Ohjhu/ P1 O1 Vfrww/ dqgZ1E1 Yhogndps/ Frkhuhqw dgglwlrq ri DoJdDv
odvhuv xvlqj plfurohqvh dqg gludfwlyh frxsolqj/ Dsso1 Sk|v1 Ohww1 85/ 4::4
+4<;;,1
^445` I1 [1 G*Dpdwr/ H1 W1 Vlhehuw/ dqg F1 Ur|fkrxgkxul/ Frkhuhqw rshudwlrq
ri dq duud| ri glrgh odvhuv xvlqj d vsdwldo owhu lq d wdoerw fdylw|/ Dsso1
Sk|v1 Ohww1 88/ ;49 +4<;<,1
^446` H1 Khfkw dqg D1 ]dmdf/ Rswlfv/ vl{wk hg1 +Dgglvrq0Zhvoh| Sxe1/ 4<:7,1
^447` D1 F1 I1 ghq Erhu/ N1 D1 K1 ydq Ohhxzhhq/ K1 F1 Z1 Ehlmhulqfn/ F1 Iruw/
dqg I1 V1 Sdyrqh/ Judwlqj ihhgedfn lq d ;43 qp eurdg0duhd glrgh odvhu/
Dsso1 Sk|v1 E 96/ 44: +4<<9,1
^448` \1 Ol/ P1 E1 V1 Mu1/ dqg M1 J1 PfLqhuqh|/ Zlgho|/ wxqdeoh/ kljk0srzhu
h{whuqdo fdylw| vhplfrqgxfwru odvhuv/ VSLH 4967/ 865 +4<<5,1
^449` M1 Grqj/ V1 D1 dpg W1 Lnhgd/ dqg N1 Nrprul/ Vlqjoh prgh pxowlsoh0hohphqw
odvhu duud| zlwk judwlqj owhu/ LHHH M1 Txdq1 Hohf1 5</ 5496 +4<<6,1
^44:` U1 Odqj dqg N1 Nred|dvkl/ H{whuqdo rswlfdo ihhgedfn hhfwv rq vhplfrq0
gxfwru lqmhfwlrq odvhu surshuwlhv/ LHHH M1 Txdq1 Hohf1 49/ 67: +4<;3,1
^44;` J1 S1 Djudzdo/ Olqh qduurzlqj lq d vlqjoh0prgh lqmhfwlrq odvhu gxh wr h{0
whuqdo rswlfdo ihhgedfn/ LHHH M1 Txdq1 Hohf1 53/ 79; +4<;7,1
^44<` O1 Jrogehuj/ K1 I1 Wd|oru/ D1 Gdqgulgjh/ M1 I1 Zhoohu/ dqg U1 R1 Plohv/
Vshfwudo fkdudfwhulvwlfv ri vhplfrqgxfwru odvhuv zlwk rswlfdo ihhgedfn/
LHHH M1 Txdq1 Hohf1 7/ 888 +4<;5,1
^453` D1 Rovvrq dqg F1 O1 Wdqj/ Frkhuhqw rswlfdo lqwhuihuhqfh hhfwv lq h{whuqdo0
fdylw| vhplfrqgxfwru odvhuv/ LHHH M1 Txdq1 Hohf1 4:/ 4653 +4<;4,1
^454` M1 K1 Rvpxqgvhq dqg Q1 Jdgh/ Lq xhqfh ri rswlfdo ihhgedfn rq odvhu iuh0
txhqf| vshfwuxp dqg wkuhvkrog frqglwlrqv/ LHHH M1 Txdq1 Hohf1 4</ 798
+4<;6,1
^455` L1 Lnxvklpd dqg P1 Pdhgd/ Odvlqj vshfwud ri vhplfrqgxfwru odvhuv frxsohg
wr dq rswlfdo ehu/ LHHH M1 Txdq1 Hohf1 48/ ;77 +4<:<,1
^456` G1 Ohqvwud/ E1 K1 Yhuehhn/ dqg D1 M1 G1 Erhi/ Frkhuhqfh froodsvh lq vlqjoh0
prgh vhplfrqgxfwru odvhuv gxh wr rswlfdo ihhgedfn/ LHHH M1 Txdq1 Hohf1
54/ 9:7 +4<;8,1
^457` H1 Plowhq|l/ P1 R1 ]lhjohu/ P1 Kripdqq/ M1 Vdfkhu/ Z1 Hovdvvhu/ dqg H1 R1
Jreho/ Orqj0whup vwdeoh prgh orfnlqj ri d ylvleoh glrgh odvhu zlwk skdvh0
frqmxjdwh ihhgedfn/ Rsw1 Ohww1 53/ :67 +4<<8,1
UlvûU436;+HQ, 46:
^458` J1 Norvh dqg D1 Vldkpdnrxq/ H{whuqdo prgh orfnlqj zlwk ihhgedfn iurp d
vhoi0sxpshg skdvh0frqmxjdwru EdWlR6 fu|vwdo/ Rsw1 Hqj1 68/ 5<;; +4<<9,1
^459` U1 Z1 Wndfk dqg D1 U1 Fkudso|y|/ Uhjlphv ri ihhgedfn hhfwv lq 418 p
glvwulexwhg odvhuv/ M1 Oljkwzdyh Whfkqro1 7/ 4988 +4<;9,1
^45:` S1 Ehvqdug/ E1 Ph}ldqh/ dqg J1 P1 Vwhskdq/ Ihhgedfn skhqrphqd lq d
Vhplfrqgxfwru odvhu lqgxfhg e| glvwdqw uh hfwruv/ LHHH M1 Txdq1 Hohf1
5</ 45:4 +4<<6,1
^45;` U1 I1 Eurrp/ H1 Prkq/ F1 Ulvfk/ dqg U1 Vdodwkh/ Plfurzdyh vhoi0
prgxodwlrq ri d glrgh odvhu frxsolhg wr dq h{whuqdo fdylw|/ LHHH M1 Txdq1
Hohf1 9/ 65; +4<:3,1
^45<` L1 Lnxvklpd dqg P1 Pdhgd/ Vhoi0frxsohg skhqrphqd ri vhplfrqgxfwru odvhuv
fdxvhg e| dq rswlfdo ehu/ LHHH M1 Txdq1 Hohf1 47/ 664 +4<:;,1
^463` U1 R1 Plohv/ D1 Gdqgulgjh/ D1 E1 Wyhwhq/ K1 I1 Wd|oru/ dqg W1 J1 Jldooruhq}l/
Ihhgedfn0lqgxfhg olqh eurdghqlqj lq FZ fkdqqho0vxevwudwh sodqdu odvhu/
Dsso1 Sk|v1 Ohww1 6:/ <<3 +4<;3,1
^464` F1 Khqu| dqg U1 I1 Nd}dulqry/ Lqvwdelolw| ri vhplfrqgxfwru odvhuv gxh
wr rswlfdo ihhgedfn iurp glvwdqw uh hfwruv/ LHHH M1 Txdq1 Hohf1 55/ 5<7
+4<;9,1
^465` D1 W1 U|dq/ J1 S1 Djudzdo/ J1 U1 Jud|/ dqg H1 F1 Jdjh/ Rswlfdo0ihhgedfn0
lqgxfhg fkdrv dqg lwv frqwuro lq pxowlprgh vhplfrqgxfwru odvhuv/ LHHH M1
Txdq1 Hohf1 63/ 99; +4<<7,1
^466` K1 Urqj0Tlqj dqg W1 Vkdqj0Slqj/ Lpsuryhg udwh htxdwlrqv iru h{whuqdo
fdylw| vhplfrqgxfwru odvhuv/ LHHH M1 Txdq1 Hohf1 58/ 48;3 +4<;<,1
^467` N1 Ydqkdod/ N1 N|xpd/ D1 \duly/ V10N1 Nzrqj/ P1 Furqlq0Jrorpe/ dqg
N1 \1 Odx/ Qduurz olqhzlgwk/ vlqjoh iuhtxhqf| vhplfrqgxfwru odvhu zlwk d
skdvh frqmxjdwh h{whuqdo fdylw| pluuru/ Dsso1 Sk|v1 Ohww1 7</ 4896 +4<;9,1
^468` V1 Pdlokrw dqg Q1 PfFduwk|/ Lq xhqfh ri skdvh frqmxjdwh rswlfdo ihhgedfn
rq wkh hplvvlrq surshuwlhv ri ylvleoh orz0srzhu glrgh odvhu/ Fdq1 M1 Sk|v1
:4/ 75< +4<<6,1
^469` Q1 PfFduwk| dqg G1 Jd|/ Qrlvh uhgxfwlrq lq dq dujrq odvhu zlwk d skdvh0
frqmxjdwlqj h{whuqdo fdylw|/ Rsw1 Ohww1 49/ 4337 +4<<4,1
^46:` Z1 E1 Zklwwhq dqg M1 P1 Udpvh|/ Vhoi0vfdqqlqj ri d g|h odvhu gxh wr
ihhgedfn iurp d EdWlR6 skdvh0frqmxjdwh uh hfwru/ Rsw1 Ohww1 </ 77 +4<;7,1
^46;` P1 Furqlq0Jrorpe dqg D1 \duly/ Vhoi0lqgxfhg iuhtxhqf| vfdqqlqj dqg glv0
wulexwhg Eudjj uh hfwlrq lq vhplfrqgxfwru odvhuv zlwk skdvh0frqmxjdwh ihhg0
edfn/ Rsw1 Ohww1 44/ 788 +4<;9,1
^46<` M1 P1 Udpvh| dqg Z1 E1 Zklwwhq/ Skdvh0frqmxjdwh ihhgedfn lqwr d
frqwlqxrxv0zdyh ulqj g|h odvhu/ Rsw1 Ohww1 43/ 695 +4<;8,1
^473` M1 Ihlqehuj dqg J1 G1 Edfkhu/ Vhoi0vfdqqlqj ri d frqwlqxrxv0zdyh g|h odvhu
kdylqj d skdvh0frqmxjdwlqj uhvrqdwru fdylw|/ Rsw1 Ohww1 </ 753 +4<;7,1
^474` J1 Djudzdo dqg J1 U1 Jud|/ Hhfw ri skdvh0frqmxjdwh ihhgedfn rq wkh qrlvh
fkdudfwhulvwlfv ri vhplfrqgxfwru odvhuv/ Sk|v1 Uhy1 D 79/ 79 +4<<5,1
^475` J1 U1 Jud|/ G1 Kxdqj/ dqg J1 S1 Djudzdo/ Fkdrwlf g|qdplfv ri vhplfrq0
gxfwru odvhuv zlwk skdvh0frqmxjdwh ihhgedfn/ Sk|v1 Uhy1 D 7</ 53<9 +4<<7,1
46; UlvûU436;+HQ,
^476` M1 Uhyxhowd/ O1 Shvtxhud/ H1 Khuqdqgh}0Jdufld/ dqg F1 U1 Pludvvr/ Hhfw
ri skdvh0frqmxjdwh rswlfdo ihhgedfn rq wxuq0rq mlwwhu lq odvhu glrghv/ Rsw1
Ohww1 53/ 5546 +4<<8,1
^477` J1 Djudzdo dqg M1 W1 Nodxv/ Hhfw ri skdvh0frqmxjdwh ihhgedfn rq vhpl0
frqgxfwru odvhu g|qdplfv/ Rsw1 Ohww 49/ 4658 +4<<4,1
^478` J1 K1 P1 ydq Wduwzlmn/ K1 M1 F1 ydq ghu Olqghq/ dqg G1 Ohqvwud/ Wkhru| ri
d glrgh odvhu zlwk skdvh0frqmxjdwh ihhgedfn/ Rsw1 Ohww1 4:/ 48<3 +4<<5,1
^479` O1 Q1 Odqjoh| dqg N1 Vkruh/ Lqwhqvlw| qrlvh dqg olqhzlgwk fkdudfwhulvwlfv ri
odvhu glrghv zlwk skdvh frqmxjdwh rswlfdo ihhgedfn/ LHH Surf1 Rswrhohfwurq1
474/ 436 +4<<7,1
^47:` D1 Pxudndpl/ M1 Rkwvxer/ dqg \1 Olx/ Vwdelolw| dqdo|vlv ri vhplfrqgxfwru
odvhu zlwk skdvh frqmxjdwh ihhgedfn/ LHHH M1 Txdq1 Hohf1 66/ 4;58 +4<<:,1
^47;` \1 Fkdpsdjqh/ Q1 PfFduwk|/ dqg U1 Wuhpeod|/ Rswlfdo skdvh0frqmxjdwh
ihhgedfn hhfwv rq jdlq0jxlghg glrgh odvhu fkdudwhulvwlfv/ LHHH M1 Txdq1
Hohf1 58/ 8<8 +4<;<,1
^47<` S1 Nxu}/ U1 Qdjdu/ dqg W1 Pxndl/ Kljko| h!flhqw skdvh frqmxjdwlrq xvlqj
vsdwldo qrqghjhqhudwh irxu0zdyh pl{lqj lq d eurdg0duhd odvhu glrgh/ Dsso1
Sk|v1 Ohww1 9;/ 44;3 +4<<9,1
^483` G1 K1 GhWlhqqh/ J1 U1 Jud|/ J1 S1 Djudzdo/ dqg G1 Ohqvwud/ Vhplfrqgxfwru
odvhu g|qdplfv iru ihhgedfn iurp d qlwh0shqhwudwlrq0ghswk skdvh0frqmxjdwh
pluuru/ LHHH M1 Txdq1 Hohf1 66/ ;6; +4<<:,1
^484` Z1 D1 ydq ghu Jud/ O1 Shvtxhud/ dqg G1 Ohqvwud/ Vwdelolw| ri glrgh odvhu
zlwk skdvh0frqmxjdwh ihhgedfn/ Rsw1 Ohww1 56/ 589 +4<<;,1
^485` M1 Ihlqehuj/ Lqwhuihurphwhu zlwk d vhoi0sxpshg skdvh0frqmxdjwlqj pluuru/
Rsw1 Ohww ;/ 89< +4<;6,1
^486` E1 Z1 Ole| dqg G1 Vwdwpdq/ Skdvh ghod| lq skdvh0frqmxjdwh h{whuqdo fdylw|
odvhu/ Rsw1 frpp1 434/ 446 +4<<6,1
^487` S1 Nxu} dqg W1 Pxndl/ Iuhtxhqf| vwdelol}dwlrq ri d vhplfrqgxfwru odvhu e|
h{whuqdo skdvh0frqmxjdwh ihhgedfn/ Rsw1 Ohww1 54/ 469< +4<<9,1
^488` P1 Rkwvx/ L1 Nrvklvkl/ dqg \1 Whudpdfkl/ D vhplfrqgxfwru odvhu dv d vwdeoh
skdvh frqmxjdwh pluuru iru olqhzlgwk uhgxfwlrq ri dqrwkhu vhplfrqgxfwru/
Mds1 M1 Dsso1 Sk|v1 5</ 5393 +4<<3,1
^489` P1 Furqlq0Jrorpe/ N1 \1 Odx/ dqg D1 \duly/ Lqiuduhg skrwruhiudfwlyh sdv0
vlyh skdvh frqmxjdwlrq zlwk EdWlR6= Ghprqvwudwlrqv zlwk JdDoDv dqg 413<0
p Du. odvhuv/ Dsso1 Sk|v1 Ohww1 7:/ 89: +4<;8,1
^48:` M1 Ihlqehuj/ Frqwlqxrxv0zdyh vhoi0sxpshg skdvh frqmxjdwru zlwk zlgh hog
ri ylhz/ Rsw1 Ohww1 ;/ 7;3 +4<;6,1
^48;` O1 Jrogehuj dqg P1 N1 Fkxq/ Lqmhfwlrq orfnlqj fkdudfwhulvwlfv ri d 4 Z
eurdg vwulsh glrgh/ Dsso1 Sk|v1 Ohww1 86/ 4<33 +4<;;,1
^48<` J1 O1 Deedv/ V1 \dqj/ dqg Y1 Z1 V1 Fkdq/ Lqmhfwlrq orfnlqj ri kljk0srzhu
eurdg0duhd glrgh odvhuv/ Rsw1 Ohww1 45/ 938 +4<;:,1
^493` K1 Wvxfklgd/ Wxqdeoh/ qduurz0olqhzlgwk rxwsxw iurp dq lqmhfwlrq0orfnhg
kljk0srzhu DoJdDv odvhu glrgh duud|/ Rsw1 Ohww1 4</ 4:74 +4<<7,1
^494` J1 O1 Deedv/ V1 \dqj/ Y1 Z1 V1 Fkdq/ dqg M1 J1 Ixmlprwr/ Lqmhfwlrq eh0
kdylru dqg prgholqj ri 433 pZ eurdg duhd glrgh odvhuv/ LHHH M1 Txdq1
Hohf1 57/ 93< +4<;;,1
UlvûU436;+HQ, 46<
^495` M1 S1 Krklphu/ D1 Rz|rxqj/ dqg J1 U1 Kdgoh|/ Vlqjoh0fkdqqho lqmhfwlrq
orfnlqj ri d glrgh0odvhu duud| zlwk d FZ g|h odvhu/ Dsso1 Sk|v1 Ohww1 7:/
4577 +4<;8,1
^496` Q1 Vfkxqn dqg N1 Shwhupdqq/ Qrlvh dqdo|vlv ri lqmhfwlrq0orfnhg vhplfrq0
gxfwru lqmhfwlrq odvhuv/ LHHH M1 Txdq1 Hohf1 55/ 975 +4<;9,1
^497` J1 U1 kdgoh|/ Lqmhfwlrq orfnlqj ri glrgh odvhuv/ LHHH M1 Txdq1 Hohf1 55/
74< +4<;9,1
^498` E1 Wurperuj/ K1 Rovhq/ [1 Sdq/ dqg V1 Vdlwr/ Wudqvplvvlrq olqh ghvfulswlrq
ri rswlfdo ihhgedfn dqg lqmhfwlrq orfnlqj iru ideu|0shurw dqg GIE odvhuv/
LHHH M1 Txdq1 Hohf1 56/ 4;:8 +4<;:,1
^499` S1 Ghehuqdugl/ Orfnlqj fkdudfwhulvwlfv ri ideu|0shurw vhplfrqgxfwru odvhu
rvfloodwruv zlwk vlgh0prgh lqmhfwlrq/ Rsw1 Ohww1 54/ 989 +4<<9,1
^49:` H10N1 Ohh/ K10V1 Sdqj/ M10G1 Sdun/ dqg K1 Ohh/ Elvwdelolw| dqg fkdrv lq dq
lqmhfwlrq0orfnhg vhplfrqgxfwru odvhuv/ Sk|v1 Uhy1 D 7:/ :69 +4<<6,1
^49;` M1 Vdfkhu/ G1 Edxpv/ S1 Sdqnqlq/ Z1 Hovdvvhu/ dqg H1 R1 Jreho/ Lqwhqvlw|
lqvwdelolwlhv ri vhplfrqgxfwru odvhuv xqghu fxuuhqw prgxodwlrq/ h{whuqdo oljkw
lqmhfwlrq/ dqg ghod|hg ihhgedfn/ Sk|v1 Uhy1 D 78/ 4;<6 +4<<5,1
^49<` K1 Ol/ W1 O1 Oxfdv/ M1 J1 PfLqhuqh|/ P1 Z1 Zuljkw/ dqg U1 D1 Prujdq/
Lqmhfwlrq orfnlqj g|qdplfv ri yhuwlfdo fdylw| vhplfrqgxfwru odvhuv xqghu
frqyhqwlrqdo dqg skdvh frqmxjdwh lqmhfwlrq/ LHHH M1 Txdq1 Hohf1 65/ 55:
+4<<9,1
^4:3` P1 P1 Leudklp dqg P1 V1 Leudklp/ D frpsdulvrq ehwzhhq udwh0htxdqwlrq
dqg ideu|0shurw dpsolhu prghov ri lqmhfwlrq orfnhg odvhu glrghv/ Rsw1 dqg
Odv1 Whfk1 5;/ 6< +4<<9,1
^4:4` O1 Jrogehuj/ K1I1Wd|oru/ dqg M1 I1 Zhoohu/ Lqmhfwlrq orfnlqj ri frxsohg0
vwulsh glrgh odvhu duud|v/ Dsso1 Sk|v1 Ohww1 79/ 569 +4<;8,1
^4:5` M10S1 zhehu dqg V1 Zdqj/ Dqdo|vlv ri wkh idu0hog rxwsxw dqjoh vfdqqlqj e|
lqmhfwlrq orfnlqj ri d glrgh odvhu duud|/ Dsso1 Sk|v1 Ohww1 7;/ 4:4< +4<;9,1
^4:6` P1 N1 Fkxq/ O1 Jrogehuj/ dqg M1 I1 Zhoohu/ Lqmhfwlrq0ehdp sdudphwhu
rswlpl}dwlrq ri dq lqmhfwlrq0orfnhg glrgh0odvhu duud|/ Rsw1 Ohww1 47/ 5:5
+4<;<,1
^4:7` F1 M1 Fkdqj0Kdvqdlq/ M1 Ehujhu/ G1 Vfliuhv/ Z1 Vwuhlhu/ dqg M1 U1 Zklqqhu|/
kljk srzhu zlwk kljk h!flhqf| lq d qduurz vlqjoh0orehg ehdp iurp d glrgh
odvhu duud| lq dq h{whuqdo fdylw|/ Dsso1 Sk|v1 Ohww1 83/ 4798 +4<;:,1
^4:8` U1 Sloodl dqg H1 Jdupluh/ H{whuqdo0fdylw| vhplfrqgxfwru0odvhu duud| lqvhq0
vlwlyh wr sdud{ldo plvdoljqphqw/ Rsw1 Ohww1 53/ 543; +4<<8,1
^4:9` D1 Y1 Fkhoqrnry/ M1 P1 Orxuwlr}/ dqg S1 Jdyulorylf/ Xowudvkruw sxovhv lq
gludfwlrq0olplwhg ehdp iurp glrgh odvhu duud|v zlwk h{whuqdo fdylw|/ Hohf1
Ohww1 5</ ;94 +4<<6,1
^4::` O1 Jrogehuj dqg M1 I1 Zhoohu/ Vlqjoh oreh rshudwlrq ri d 730hohphqw odvhu
duud| lq dq h{whuqdo ulqj odvhu fdylw|/ Dsso1 Sk|v1 Ohww1 84/ ;:4 +4<;:,1
^4:;` F1 Gdp0Kdqvhq/ S1 P1 Mrkdqvhq/ dqg S1 P1 Shwhuvhq/ Whpshudwxuh surshu0
wlhv ri odvhu0lqgxfhg lqwhuihuhqfh owhuv lq olwklxp qlredwh/ Rsw1 Frppxq1
44;/ 93: +4<<8,1
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^4:<` I1 F1 Mdkrgd/ S1 J1 Zhehu/ dqg M1 Ihlqehuj/ Rswlfdo ihhgedfn/ zdyhohqjwk
uhvsrqvh/ dqg lqwhuihuhqfh hhfwv ri d vhoi0sxpshg skdvh frqmxjdwlrq lq
EdWlR6/ Rsw1 Ohww1 </ 695 +4<;7,1
^4;3` D1 Vkludwrul dqg P1 Redud/ Iuhtxhqf|0vwdeoh/ qduurz olqhzlgwk rvfloodwlrq
ri uhg glrgh odvhu zlwk skdvh0frqmxjdwh ihhgedfn xvlqj vwlpxodwhg skrwruh0
iudfwlyh edfnvfdwwhulqj/ Dsso1 Sk|v1 Ohww1 9</ 4848 +4<<:,1
^4;4` D1 Vkludwrul dqg P1 Redud/ Zdyhohqjwk0vwdeoh/ qduurz0vshfwudo0zlgwk rv0
floodwlrq ri dq DoJdLqS glrgh odvhu frxsohg wr d EdWlR6=Fr vwlpxodwhg skr0
wruhiudfwlyh edfnvfdwwhulqj skdvh frqmxjdwru/ Dsso1 Sk|v1 E 98/ 65< +4<<:,1
^4;5` M1 I1 Fdqq|/ D frpsxwdwlrqdo dssurdfk wr hgjh ghfwhfwlrq/ LLL Wudqv1 rq
Sdw1 Dqdo1 dqg Pdfk1 Lqwho1 ;/ 9:< +4<;9,1
^4;6` F10F1 Vxq/ V1 \hk/ P10Z1 Fkdqj/ P10Z1 Fkdqj/ dqg N1 \1 Kvx/ Rswlpdo lq0
flghqw frqglwlrqv iru d Fdw0w|sh vhoi0sxpshg skdvh0frqmxjdwh pluuru/ Dsso1
Rsw1 64/ 8:9< +4<<5,1
^4;7` D1 D1 ]r}xo|d/ P1 Vdpdq/ dqg G1 Dqghuvrq/ Grxeoh skdvh0frqmxjdwh plu0
uru= frqyhfwlrq dqg gludfwlrq/ M1 Rsw1 Vrf1 Dp E 45/ 588 +4<<8,1
^4;8` D1 D1 ]r}xo|d/ P1 Vdpdq/ dqg G1 ]1 Dqghuvrq/ Sursdjdwlrq ri oljkw
ehdpv lq skrwruhiudfwlyh phgld= idqqlqj/ vhoi0ehqglqj/ dqg irupdwlrq ri vhoi0
sxpshg irxu0zdyh0pl{lqj skdvh frqmxjdwlrq jhrphwulhv/ Sk|vlfdo Uhylhz
Ohwwhuv :6/ ;4; +4<<7,1
^4;9` S1 [lh/ M1 Gdl/ S1 Zdqj/ dqg K1 ]kdqj/ Vhoi0sxpshg skdvh frqmxjdwlrq lq
skrwruhiudfwlyh fu|vwdo= Uh hfwlylw| dqg vsdwldo gholw|/ Sk|v1 Uhy1 D 88/
63<5 +4<<:,1
^4;:` U1 V1 Fxgqh|/ U1 P1 Slhufh/ J1 G1 Edfkhu/ G1 Pdkjhuhiwhk/ dqg M1 Ihlqehuj/
Lqwhqvlw| ghshqghqfh ri wkh skrwrjdoydqlf hhfw lq edulxp wlwdqdwh/ M1
Rsw1 Vrf1 Dp1 E </ 4:37 +4<<5,1
^4;;` Z1 K1 Suhvv/ V1 D1 Whxnrovn|/ Z1 W1 Yhwwhuolqj/ dqg E1 S1 Iodqqhu|/ Qxphu0
lfdo Uhflshv +Fdpeulgjh/ 4<<5,/ LVEQ 3085407643;1
^4;<` M1 \dpdqxfkl/ M1 Vkled|dpd/ dqg K1 Qdndqr/ Zlgh0dqjoh sursdjdwlqj
ehdp dqdo|vlv edvhg rq wkh jhqhudol}hg Grxjodv vfkhph iru yduldeoh fr0
h!flhqwv/ Rsw1 Ohww1 53/ : +4<<8,1
^4<3` O1 Vro|pdu/ G1 M1 Zhee/ dqg D1 Juxqqhw0Mhsvhq/ Wkh Sk|vlfv dqg Dssol0
fdwlrqv ri skrwruhiudfwlyh pdwhuldov +Foduhqgrq Suhvv/ R{irug/ 4<<9,/ LVEQ
304<0;89834041
^4<4` P1 gho Slqr/ M1 Olphuhv/ dqg P1 Fduudvfrvd/ Wlph hyroxwlrq ri wkh skr0
wruhiudfwlyh skdvh frqmxjdwlrq surfhvv lq EdWlR6/ Rsw1 Frpp1 464/ 544
+4<<9,1
^4<5` K1 Nrjhoqln/ Frxsohg zdyh wkhru| iru wklfn krorjudp judwlqjv/ Ehoo V|vw1
Whfk1 M1 7;/ 5<3< +4<9<,1
^4<6` U1 G1 Yuh dqg O1 Khvvholqn/ Gludfwlrq dqdo|vlv ri od|huhg vwuxfwxuhv ri
skrwruhiudfwlyh judwlqjv/ M1 rsw1 Vrf1 Dp1 D 46/ 5;8 +4<<9,1
^4<7` W1 N1 Jd|orug dqg P1 Prkdudp/ Dqdo|vlv dqg dssolfdwlrqv ri rswlfdo gli0
iudfwlrq e| judwlqjv/ Surfhhglqjv ri wkh LHHH :6/ ;<7 +4<;8,1
^4<8` T10F1 Kh/ Wkhru| ri skrwruhiudfwlyh skdvh frqmxjdwruv zlwk pxwxdoo| lq0
frkhuhqw ehdpv/ LHHH M1 Txdq1 Hohf1 57/ 583: +4<;;,1
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^4<9` V10F1 G1 O1 Fux}/ V1 PdfFrupdfn/ M1 Ihlqehuj/ T1 E1 Kh/ K10N1 Olx/ dqg S1
\hk/ Hhfw ri ehdp frkhuhqfh rq pxwxdoo| sxpshg skdvh frqmxjdwruv/ M1
Rsw1 Vrf1 Dp1 E 45/ 4696 +4<<8,1
^4<:` T1 E1 Kh dqg S1 \hk/ Skrwriuhiudfwlyh pxwxdoo| sxpshg skdvh frqmxjdwlrq
zlwk sduwldoo| frkhuhqw ehdpv/ Dsso1 Sk|v1 E 93/ 7: +4<<8,1
^4<;` [1 \l/ F1 \dqj/ S1 \hk/ V1 Olq/ dqg N1 \1 Kvx/ Jhqhudo vroxwlrq ri frqwudgl0
uhfwlrqdo wzr0zdyh pl{lqj zlwk sduwldoo| frkhuhqw zdyhv lq skrwruhiudfwlyh
fu|vwdov/ M1 Rsw1 Vrf1 Dp1 E 47/ 46<9 +4<<:,1
^4<<` [1 \l/ V1 K1 Olq/ S1 \hk/ dqg N1 \1 Kvx/ Frqwudgluhfwlrqdo wzr0zdyh pl{lqj
zlwk sduwldoo| frkhuhqw zdyhv lq skrwruhiudfwlyh fu|vwdov/ Rsw1 Ohww1 54/
4456 +4<<9,1
^533` S1 V1 Eurg| dqg M1 U1 Jr/ Judwlqj hyroxwlrq dqg irup lq d vlqjoh0fu|vwdo
vhoi0sxpshg edulxp wlwdqdwh skdvh frqmxdjwru/ VSLH :6</ 83 +4<;:,1
^534` V1 [1 Gxr/ M1 ]kdqj/ P1 J1 Zdqj/ K1 Jdr/ dqg S1 \h/ Wkhruhwlfdo vwxg|
rq wkh hhfwv ri vwlpxodwhg skrwruhiudfwlyh edfnvfdwwhulqj lq vhoi0sxpshg
skdvh frqmxjwruv/ M1 Rsw1 Vrf1 Dp E 45/ 4389 +4<<8,1
^535` O1 ]kdqj/ M1 ]kdqj/ ]1 Vkdr/ [1 Px/ K1 Fkhq/ dqg P1 Mldqj/ Ruljlq ri
vhoi0sxpshg skdvh frqmxjdwh zdyhv lq NQVEQ fu|vwdov/ Fklq1 Sk|v1 Ohww1
46/ 856 +4<<9,1
^536` V1 K1 Olq/ \1 Z1 Oldq/ S1 \hk/ N1 \1 KVX/ dqg ]1 Wrqj/ 5n0judwlqjv0dvvlvwhg
vhoi0sxpshg skdvh frqmxjdwlrq= wkhruhwlfdo dqg h{shulphqwdo vwxglhv/ M1
Rsw1 Vrf1 Dp1 E 46/ 4::5 +4<<9,1
^537` D1 Y1 Qrzdn/ W1 U1 Prruh/ dqg U1 D1 Ilvkhu/ Revhuydwlrqv ri lqwhuqdo
ehdp surgxfwlrq lq edulxp wlwdqdwh skdvh frqmxjdwruv/ M1 rsw1 Vrf1 Dp1 E
8/ 4;97 +4<;;,1
^538` V1 Grx/ K1 Kdr/ M1 ]kdqj/ \1 Oldq/ K1 Zdqj/ \1 ]kx/ [1 Zx/ F1 \dqj/ dqg
S1 \h/ Vwxglhv rq irupdwlrq phfkdqlvpv ri vhoi0sxpshg skdvh frqmxjdwlrq
lq EdWlR6=Fh fu|vwdov dw zdyhohqjwkv iurp 8:3 wr 9;3 qp/ M1 Rsw1 Vrf1
Dp1 E 45/ 437; +4<<8,1
^539` D1 W1 Iulehuj/ P1 Ndxudqhq/ dqg U1 Vdorpdd/ G|qdplfv ri ideu|0shurw
uhvrqdwruv zlwk d skdvh0frqmxjdwh pluuru/ M1 Rsw1 Vrf1 Dp1 E 6/ 4989
+4<;9,1
^53:` W1 Eudehf/ I1 Nudxv}/ dqg D1 M1 Vfkplgw/ Orqjlwxglqdo sxpslqj ri odvhuv
zlwk pxowlvwulsh odvhu glrghv/ Dsso1 Rsw1 63/ 4783 +4<<4,1
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D Frpsrqhqwv Xvhg lq wkh H{0
shulphqwdo Vhwxsv
Lq wklv dsshqgl{ prvw ri wkh uhohydqw frpsrqhqwv dqg lqvwuxphqwv xvhg lq wkh
h{shulphqwdo vhwxsv duh olvwhg1
Duud| L JdDoDv whq0vwulsh surwrq0lpsodqwhg jdlq0jxlghg odvhu duud|/ zlwk d
433 p zlgh hplwwlqj mxqfwlrq1 Lw lv whpshudwxuh frqwuroohg zlwk d showlhu hohphqw1
Wkh duud| kdv d wkuhvkrog ri 315; dps +@ lwk, dqg d pd{lpxp rxwsxw srzhu ri
318 zdww dw 31< dps +615lwk,1 Wkh uh hfwlylw| ri wkh rxwsxw idfhw lv dssur{lpdwho|
Urxw @ 31371 Wkh fhqwhu zdyhohqjwk/ 3/ ri wkh pxowlprgh vshfwuxp dw 58
F lv
;48 qp1 Wkh orqjlwxglqdo prgh vsdflqj lv IS @ 3144 qp1 Prgho VGO057650K4/
vhuldo qxpehu DN75;1 Pdqxidfwxuhu= VGO/ Vdq Mrvh/ FD/ XVD1
Duud| LL JdDoDv whq0vwulsh surwrq0lpsodqwhg jdlq0jxlghg odvhu duud|/ zlwk d
433 p zlgh hplwwlqj mxqfwlrq1 Lw lv whpshudwxuh frqwuroohg zlwk d showlhu hohphqw
dqg kdv d pd{lpxp rxwsxw srzhu ri 4 zdww1 Wkh fhqwhu zdyhohqjwk/ 3/ ri wkh
pxowlprgh vshfwuxp dw 58F lv ;33 qp1 Wkh orqjlwxglqdo prgh vsdflqj lv IS
@ 3144 qp1 Prgho VGO057950S41 Pdqxidfwxuhu= VGO/ Vdq Mrvh/ FD/ XVD1
Vlqjoh0prgh odvhu glrgh Vlqjoh0prgh vshfwuxp1 Wkh olqh zlgwk lv ohvv wkdq
48 PK}1 Lw lv whpshudwxuh frqwuroohg zlwk d showlhu hohphqw1 Wkh pd{lpxp rxw0
sxw srzhu lv 433 pZ1 Wkh zdyhohqjwk dw 58F lv :<; qp1 Prgho VGO087450K1
Pdqxidfwxuhuu= VGO/ Vdq Mrvh/ FD/ XVD1
Judwlqj Uxohg judwlqj zlwk 4533 olqhv2pp dqg d eod}h dqjoh ri 59177 dw :83
qp1 Wkh vl}h lv 5858 +pp,51 Prgho= G765431 Pdqxidfwxuhu= Hgpxqg Vflhqwlf/
QM/ XVD1
Froolpdwlrq ohqv Wkh hhfwlyh irfdo ohqjwk lv 718 pp/ gludfwlrq olplwhg
shuirupdqfh1 QD= 31881 Prgho F563WP0E1 Pdqxidfwxuhu= Wkruodev Lqf1/ QM/ XVD1
Hwdorq L Vrolg hwdorq1 Wklfnqhvv ri 633 p zlwk d qhvvh ri dssur{lpdwho| 4:1
Wkh iuhh vshfwudo udqjh lv 683 JK} +ru 31:8 qp dw ;47 qp,1 Wkh IZKP edqgzlgwk
ri wkh hwdorq lv 53 JK} +ru 3137 qp dw ;47 qp,1 Prgho= HV5870633X0633403;4803
zlwk frdwlqjv1 Pdqxidfwxuhu= YORF rswlfv/ IO/ XVD1
Hwdorq LL D iuhh vshfwudo udqjh ri 558 JK} dqg d qhvvh ri 5191 Wkh IZKP
edqgzlgwk lv ;9 JK} +ru 314< qp dw ;47 qp,1 Vwdqgdug hwdorq iurp d Wl=vdsskluh
ulqj odvhu +prgho= Frkhuhqw ;<<034,1
Srvlwlyh f|olqgulfdo ohqv Sodqr0f|olqgulfdo jodvv ohqv zlwk d irfdo ohqjwk ri
.93 pp +9353 +pp,5,1 Prgho= 34OFS33823:9 DU frdw1 Pdqxidfwxuhu= Phoohv
Julrw/ FD/ XVD1
Srvlwlyh f|olqgulfdo ohqv Sodqr0f|olqgulfdo jodvv ohqv zlwk d irfdo ohqjwk ri
.483 pp +9383 pp, Prgho= 34OFS34623:9 DU frdw1 Pdqxidfwxuhu= Phoohv
Julrw/ FD/ XVD1
Qhjdwlyh f|olqglfdo ohqv Sodqr0f|olqgulfdo jodvv ohqv zlwk d irfdo ohqjwk ri 0
93 pp +9354 pp,1 Prgho= 34OFQ33823:9 DU frdw1 Pdqxidfwxuhu= Phoohv Julrw/
FD/ XVD1
UlvûU436;+HQ, 476
Frqyh{ vlqjohw ohqv V|pphwulf0frqyh{ jodvv ohqv zlwk d irfdo ohqjwk ri :915
pp +! 83 pp,1 Prgho= 34OG[47823:9 DU frdw1 Pdqxidfwxuhu= Phoohv Julrw/ FD/
XVD
Frqyh{ vlqjohw ohqv V|pphwulf0frqyh{ jodvv ohqv zlwk d irfdo ohqjwk ri 433
pp +! 83 pp,1 Prgho= 34OG[4:423:9 DU frdw1 Pdqxidfwxuhu= Phoohv Julrw/ FD/
XVD1
Frqyh{ vlqjohw ohqv V|pphwulf0frqyh{ jodvv ohqv zlwk d irfdo ohqjwk ri 483
pp +! 83 pp,1 Prgho= 34OG[53823:9 DU frdw1 Pdqxidfwru= Phoohv Julrw/ FD/
XVD1
Dfkurpdw ohqv Irfdo ohqjwk ri ;3 pp +! 6418 pp,1 Prgho= 6555;:1 Pdqx0
idfwxuhu= Vslqgohu ) Kr|hu/ Jrwwlqjhq/ Jhupdq|1
Zdyh sodwh ]hur0rughu kdoi0zdyh zdyh sodwh dw ;43 qp zlwk dqwluh hfwlrq
frdwlqj1 Prgho= Z]T5870;430305338 Pdqxidfwxuhu= YORF rswlfv/ IO/ XVD1
EdWlR6 0 Eoxh LL Ukrglxp grshg EdWlR6 fu|vwdo zlwk dq ;33 ssp frqfhq0
wudwlrq1 Wkh fu|vwdo lv d 780fxw fu|vwdo dqg phdvxuhv 713815817 pp6 +ddf,1
Pdqxidfwxuhu= Ghowurqlf Fu|vwdo/ XVD1
EdWlR6 0 Eoxh LLL Ukrglxp grshg EdWlR6 fu|vwdo zlwk d ;33 ssp frq0
fhqwudwlrq1 Wkh fu|vwdo kdv ehhq fxw dorqj lwv fu|vwdoorjudsklf d{hv +rulhqwdwlrq=
30fxw, dqg phdvxuhv 814481868166 pp6 +ddf,1 Vhuldo qxpehu= 9059050f41
Pdqxidfwxuhu= Ghowurqlf Fu|vwdo/ XVD1
EdWlR6 0 FURZ Fkurplxp0grshg EdWlR6 fu|vwdo1 Wkh fu|vwdo kdv ehhq
fxw dorqj lwv fu|vwdoorjudsklf d{hv +rulhqwdwlrq= 30fxw, dqg phdvxuhv 81;81551<
pp6/ zlwk wkh f0d{lv dorqj wkh orqjhvw glphqvlrq1 Wkh devruswlrq dw ;33 qp lv
4134 fp41 Wkh fu|vwdo lv zlwk Suri1 M1 Ihlqehuj/ wkh Sk|vlfv Ghsw1/ Xqlyhuvlw| ri
Vrxwkhuq Fdoliruqld/ OD/ XVD1
Vshfwuxp dqdo|}hu Whnwurql{ 5:86S1 Iuhtxhqf| udqjh= 3041; JK}1
Idvw skrwrglrgh Vlolfrq skrwrglrgh1 Iuhtxhqf| udqjh= GF04 JK} +6 ge,1
Prgho= 49341 Pdqxidfwxuhu= Qhz Irfxv/ FD/ XVD1
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E Shuvrqdo Eleolrjudsk|
Wkh iroorzlqj sxeolfdwlrqv kdyh ehhq suhsduhg dv d uhvxow ri wkh zrun fduulhg rxw
gxulqj wkh suhvhqw Sk1G vwxg|1
Uhihuhhg Duwlfohv
 P1 Oûeho/ S1 P1 Shwhuvhq dqg S1 P1 Mrkdqvhq/ Vxssuhvvlqj vhoi0lqgxfhg iuh0
txhqf| vfdqqlqj ri d skdvh frqmxjdwh glrgh odvhu duud| xvlqj frxqwhuedodqfh
glvshuvlrq/ Dsso1 Sk|v1 Ohww1/ :5/ 4596 +4<<;,1
 P1 Oûeho/ S1 P1 Shwhuvhq dqg S1 P1 Mrkdqvhq/ Vlqjoh0prgh rshudwlrq ri d
odvhu glrgh duud| zlwk iuhtxhqf| vhohfwlyh skdvh frqmxjdwh ihhgedfn/ Rsw1
Ohww1/ 56/ ;58 +4<<;,1
 P1 Oûeho/ S1 P1 Shwhuvhq dqg S1 P1 Mrkdqvhq/ Wxqdeoh vlqjoh0prgh rshudwlrq
ri d kljk0srzhu odvhu glrgh duud| xvlqj dq h{whuqdo fdylw| zlwk d judwlqj dqg d
skrwruhiudfwlyh skdvh frqmxjdwh pluuru/ M1 Rsw1 Vrf1 Dp1 E/ 48/ 5333 +4<<;,
 P1 Oûeho/ Zdyhohqjwk vhohfwlylw| ri wkh frpsoh{ judwlqj vwuxfwxuh iruphg lq
d skrwruhiudfwlyh skdvh frqmxjdwru/ M1 Dsso1 Sk|v1/ dffhswhg iru sxeolfdwlrq
lq Rfw1 lvvxh +4<<;,1
 P1 Oûeho/ S1 P1 Shwhuvhq dqg S1 P1 Mrkdqvhq/ Sk|vlfdo ruljlq ri odvhu iuh0
txhqf| vfdqqlqj lqgxfhg e| skrwruhiudfwlyh skdvh frqmxjdwh ihhgedfn/ M1
Rsw1 Vrf1 Dp1 E/ vxeplwwhg Iheuxdu| 4<<;1
Frqihuhqfh Suhvhqwdwlrqv
 P1 Oûeho/ S1 P1 Shwhuvhq dqg S1 P1 Mrkdqvhq/ Wkh lq xhqfh ri glvshuvlrq
rq wkh vhoi0lqgxfhg vfdqqlqj ri d eurdg duhd glrgh odvhu zlwk skdvh frqmxjdwh
ihhgedfn/ Lq surfhhglqjv= Wrslfdo phhwlqj rq skrwruhiudfwlyh pdwhuldov/ hi0
ihfwv/ dqg ghylfhv +SU<:,/ +Fkled/ 44046 Mxqh/ Mdsdq,/ Rsw1 Vrf1 ri Mdsdq/
sdshu WF5/ s1 83: +4<<:,1
 S1 P1 Shwhuvhq/ P1 Oûeho dqg S1 P1 Mrkdqvhq/ Vlqjoh0prgh rshudwlrq ri odvhu
glrgh duud|v/ lqylwhg sdshu1 FOHR2Hxursh <;/ Jodvjrz/ Vfrwodqg/ Xqlwhg
Nlqjgrp/ 4604; Vhs1 +4<<;,1
Sdwhqwv
 P1 Oûeho dqg S1 P1 Shwhuvhq/ D phwkrg iru hqkdqfhphqw ri wkh frkhuhqfh
surshuwlhv ri odvhu v|vwhpv xvlqj skdvh frqmxjdwh ihhgedfn dqg rshudwhg idu
deryh wkuhvkrog / Gdqlvk sdwhqw dssolfdwlrq Qr1 3998 +4<<:,1 SFW dssolfd0
wlrq vxeplwwhg 4<<;1
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F EdWlR 0 Pdwhuldo Sdudphwhuv
Lq Wdeoh 6 w|slfdo pdwhuldo sdudphwhuv iru EdWlR6 duh olvwhg1 Pruhryhu/ d ihz
nqrzq sdudphwhuv iru wkh grshg fu|vwdov xvhg lq wkh h{shulphqwv kdyh ehhq lq0
foxghg1
Sdudphwhu Ydoxh Xqlw Qrwh Uhi1
q
d
51745 0 C 966 qp ^99`

































Fu=EdWlR6 +FURZ, C ;43 qp
s 418 fp
4
Uk=EdWlR6 +Eoxh LLL, C ;46 qp
Wdeoh 61 W|slfdo pdwhuldo sdudphwhuv iru edulxp wlwdqdwh fu|vwdov1
F14 Wkh Hohfwur0Rswlf Whqvru
Wkh hohfwur0rswlf hhfw lv wudglwlrqdoo| ghqhg lq whupv ri wkh fkdqjh lq wkh lq0





Wkh frqvwdqwv ulmn duh fdoohg wkh olqhdu hohfwur0rswlf frh!flhqwv/ zklfk duh frp0
srqwv ri d whqvru ri udqn 61 Dowkrxjk wkhuh duh 5: frpsrqhqwv/ wkh v|pphwu| ohdgv
wr wkh lqwhufkdqjhdelolw| ri wkh uvw wzr lqglfhv l dqg m/ l1h ulmn @ umln1 Wklv v|p0
phwu| uhgxfhv wkh qxpehu ri lqghshqghqw frpsrqhqwv wr 4;1 Dv d uhvxow ri wkh
v|pphwu|/ lw lv frqyhqlhqw wr lqwurgxfh wkh frqwudwhg lqglfhv wr deeuhyldwh wkh
qrwdwlrq/ ulmn @ uvn/ zkhuh wkh uhodwlrq ehwzhhq wkh lm dqg v lv
lm 44 55 66 56/65 46/64 45/54
v 4 5 6 7 8 9
+F185,
Xvlqj wklv qrwdwlrq wkh hohfwur0rswlf frh!flhqwv duh riwhq zulwwhq lq whupv ri d
9  6 pdwul{1 Iru EdWlR6/ zklfk ehorqjv wr wkh whwudjrqdo 7pp v|pphwu| fodvv/
wkh pdwul{ lv jlyhq e|^:;`























zkhuh u84 @ u75 dqg u56 @ u461 Wkhuh duh wkxv wkuhh lqghshqghqw frpsrqhqwv1
479 UlvûU436;+HQ,
G Glvshuvlrq ri Edulxp Wlwdqdwh
Wkh uhiudfwlyh lqgh{ lq EdWlR6 ghshqgv rq wkh rswlfdo iuhtxhqf| +glvshuvlrq,1










Wkh pdqxidfwxuhu +vhh Dsshqgl{ D, ri wkh Eoxh LL dqg Eoxh LLL fu|vwdov/ kdv
surylghg wkh iroorzlqj frh!flhqwv iru wkh Vhoophlhu irupxod
Dvhoo @ 7=3;87
dvhoo @ 53;=: qp
Zh duh lqwhuhvwhg lq wkh glvshuvlrq dw d jlyhq zdyhohqjwk 31 E| glhuhqwldwlqj
































Iru 3 @ ;46 qp zh rewdlq Cq3@C @ 041943
8
p
4/ dqg iru 3 @ 847 qp zh re0




1 Wkh vlpsolhg h{suhvvlrq +wkh olqhdu dssur{lpdwlrq,
iru wkh glvshuvlrq wkhq ehfrphv




zkhuh 3 lv wkh zdyhohqjwk durxqg zklfk wkh glvshuvlrq kdv ehhq olqhdul}hg1 Wkh
dqjoh ri uhiudfwlrq dw wkh dlu fu|vwdo lqwhuidfh ghshqgv rq wkh uhiudfwlyh lqgh{1 Wkh
dqjoh ri uhiudfwlrq +u, lv ghwhuplqhg e| Vqhoo*v odz=
vlq +l, @ q3 +, vlq +u, > +G18:,
zkhuh l lv wkh dqjoh ri lqflghqfh dw wkh fu|vwdo vxuidfh1 Wkh uhiudfwlyh lqgh{ ri
dlu lv wdnhq wr eh xqlw|1 Wkh glvshuvlrq ri wkh fu|vwdo fdq qrz eh h{suhvvhg dv
d fkdqjh lq u dv wkh zdyhohqjwk lv fkdqjhg d vpdoo iudfwlrq1 Wklv lv nqrzq dv
wkh dqjxodu glvshuvlrq ri wkh fu|vwdo +Cu@C,1 E| glhuhqwldwlqj Ht1 G18: wkh
























zkhuh Cq3@C lv jlyhq e| Ht1 G1881 Iru dq dqjoh ri lqflghqfh l @ 93 dqg d
zdyhohqjwk ri 3 @ ;46 qp/ wkh dqjxodu glvshuvlrq ehfrphv Cu@C @ 51;43
8
udg2qp1 Zh kdyh xvhg q3+3, @ 51651
UlvûU436;+HQ, 47:
Eleolrjudsklf Gdwd Vkhhw UlvûU436;+HQ,
Wlwoh dqg dxwkru+v,
Lpsuryhphqw ri wkh Frkhuhqfh Fkdudfwhulvwlfv ri Odvhu Glrgh Duud|v Xvlqj Skr0
wruhiudfwlyh Skdvh Frqmxjdwlrq






Rswlfv dqg Ioxlg G|qdplfv Ghsduwphqw
Gdwh
Pd| 4<<;









Devwudfw +Pd{1 5333 fkdu1,
Wklv wkhvlv ghdov zlwk qhz whfkqltxhv iru lpsuryhphqw ri wkh frkhuhqfh surshuwlhv
ri odvhu glrgh duud|v1 D qhz frqjxudwlrq zkhuh d odvhu glrgh duud| lv frxsohg wr
dq h{whuqdo skdvh frqmxjdwh fdylw| lv suhvhqwhg1 Wkh skdvh frqmxjdwru lv d vhoi0
sxpshg skrwruhiudfwlyh edulxp wlwdqdwh fu|vwdo1 Wkh h{whuqdo fdylw| lqfoxghv d
iuhtxhqf| vhohfwlyh hohphqw dqg d vsdwldo owhu1 H{shulphqwdoo| lw lv yhulhg wkdw
wkh iuhtxhqf| vhohfwlyh hohphqw +dq hwdorq ru d gludfwlrq judwlqj,/ wkh vsdwldo
owhu/ dqg wkh frqmxjdwru fdxvh wkh odvhu glrgh duud| wr rvfloodwh lq rqh vlqjoh
vsdwldo prgh dw rqh orqjlwxglqdo prgh1 Wkhuhiruh/ wkh udgldwlrq ehfrphv doprvw
gludfwlrq olplwhg dqg wkh frkhuhqfh ohqjwk lv lpsuryhg vljqlfdqwo|1 Lw lv irxqg
wkdw wkh pdwhuldo glvshuvlrq lq wkh edulxp wlwdqdwh fu|vwdo sod|v d fuxfldo uroh lq
wkh vhoi0lqgxfhg iuhtxhqf| vfdqqlqj surfhvv wkdw wdnhv sodfh zkhq d pxowlprgh
odvhu lv frxsohg wr vxfk d frqmxjdwru1 Lw lv vkrzq wkdw d qhz frqfhsw 0 frxq0
whuedodqfhg glvshuvlrq 0 wkdw lv edvhg rq glvshuvlrq lq sulvpv ru judwlqjv fdq
vxssuhvv wkh iuhtxhqf| vfdqqlqj1 D wkhruhwlfdo prgho ri wkh judwlqj vwuxfwxuh lq
wkh edulxp wlwdqdwh fu|vwdo lv suhvhqwhg1 Iurp wklv prgho lw lv suhglfwhg wkdw wkh
glvshuvlrq fdxvhv wkh uh hfwlylw| ri wkh frqmxjdwru wr ehfrph dv|pphwulf zlwk uh0
vshfw wr wkh zdyhohqjwk1 Wkh dv|pphwu| ohdgv wr wkh vfdqqlqj skhqrphqrq dqg/
frqvhtxhqfho|/ zh frqfoxgh wkdw glvshuvlrq lv wkh ruljlq ri wkh iuhtxhqf| vfdqqlqj
surfhvv1 Pruhryhu/ lw lv irxqg wkdw wkh judwlqj vwuxfwxuh lq wkh fu|vwdo lv pxfk pruh
iuhtxhqf| vhohfwlyh wkdq suhylrxvo| dvvxphg1 Wkh zdyhohqjwk vhohfwlylw| ghshqgv
rq wkh frkhuhqfh ohqjwk ri wkh odvhu ehdp wkdw lqgxfhv wkh g|qdplf judwlqjv1 Wklv
ghshqghqf| ohdgv wr wkh vhoi0qduurzlqj hhfw dqg wkurxjk wklv hhfw wkh frkhu0




DUUD\V> RSWLFDO SKDVH FRQMXJDWLRQ>SKDVH ORFNLQJ>
SKRWRUHIUDFWLYLW\> VLQJOH0PRGH ODVHUV
Dydlodeoh rq uhtxhvw iurp=
Lqirupdwlrq Vhuylfh Ghsduwphqw/ Ulvû Qdwlrqdo Oderudwru|
+Digholqjhq iru Lqirupdwlrqvvhuylfh/ Iruvnqlqjvfhqwhu Ulvû,
S1R1 Er{ 7</ GN7333 Urvnlogh/ Ghqpdun
Skrqh +.78, 79 :: 79 ::/ h{w1 733727338 u Id{ +.78, 79 :: 73 46
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